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HARDTACK was the designation given to the atmospheric nuclear weapon tests i
conducted by the United States 1in the Pacific Ocean and in Nevada in 1458. ;
COperation HARDTACK I was a serles of 35 tests., all but two of which were deto- X
nated at Fnewelak* and Bikini atells in the Marshall Islands, the Atomic Energy Z{r
Commission's (AEC) “Eniwetok Proving Ground" (EPG). The other two were detona- b
tions at 42 and 76 km above Johnston Island, which lies about 700 nmi (1,296
km) west-southwest of the Hawaiian Islands. F
b9
The tests were conducted by a joint military and civilian organization, 3,‘:::
designated Joint Task Force 7 (JIF 7). JTF 7 was a military organization 1in f
form but was made up of military personnel, Federal civilian employees, and g
_ contractors of the Department of Defense (DOD) and the AEC. The commander of
s this force was the appointed representative of the AEC and reported also to ;
the Joint Chiefs of Staff (JCS) and the Commander in Chief. Pacific (CINCPAC). g
. ok
TEST OPERATIONS *5-_:_:
During HARDTACK the United States fired as many nuclear devices (35) as
. had been fired in all prior Pacific Ocean tests, Mot only was the total number -
o of shots in HARDTACK large, but the varlety of types was great; land- and ¥
’1 water-surface events, underwater detonatlions, and balloon- and rocket-borne ".\
§ high-altitude tests were conducted. The following page of this fact sheet
& ligts the names, dates., and locations of the shots. >
= In a sense, HARDTACK was divided into three parts. The first was aimed at
b the developmwent of nuclear weapons, continuing the type of testing tha“ had
- g; taken place at Enewetak and Bikinl during the early and mid-1950s. In these '.:;"
. ¥ tests, the AEC weapon developmont laboratories (Los Alamos Sclentific Labor- ;;3:\,
5 atory and the University of cCalifornia Radiation Laboratory) detonated their !
% experimental devices, with the DOD providing support and conducting experiments
- that did not interfere with the ABC activities. :
The second part, sponsored by DOD, consistec of the underwater test shots, W
5 WAHOO and UMBRELLA, the first in the open ocean and the second within the la- o
# goon at Enewetak. The purpose of these tests was to improve the understanding
*i ~f the effects of underwater explcsions on Navy ships and material. These
£ tesiz could be considered as a continuation of BAKER test of the CROSSROADS
series at Bikini in 1946 and the WIGWAM test 500 nmi (927 km) off the U.S. e
: west coast 1in 1655. )
5
B

5

* Formerly Eniwetok. The spelling of Marshall Island place names has changed
in recent years in order to more accurately render the sounds of the Marshall K
Island names using Enqglish spelling. :

i
1.
)
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HARDTACK I detonations, 1958.

Ry

Local Assigned
Date Name tLocatton Type Burst
28 Apriil YUCCA Between tnewetak and Bikint High Altitude {ballioon)
6 May CACTYS? Enewetak Surface
12 May FIR Bikind Barge
12 May BUTTERNUY  Enewetak Barge ,
13 May KOAD Enewetak Surface Y
16 May WAHOO Enewetak, 1n ocean Underwater A
21 May HOLLY Enewetak Barge x
2Z May NUTMEG Bikini ’ Barge i
26 May  YELLOWNOOD FEnewetak Barge et
27 May MAGNOLIA Enewetak Barge s}é
30 May TOBACCO Enewetak Barge :g§
31 May SYCAMORE Bikint Barge " 13
3 June ROSE Enewetak Barge b
9 June UMBRELLA Enewetak, lagoon Underwater #
11 June  MAPLE B1kind Barge 4
15 June ASPEN Bikinl Barge o
15 June WALNUT Enewetak Barge !
18 June LINDEN Enewetak Barge
28 June REDWOOD Bikint Barge
26 June ELDER Enewetak Barge
29 June 0AK® Enewetak Barge
29 June HICKORY Bikint Barge
2 July SEQUOIA Enewetak Barge
3 July CEDAR Bikini Barge
5 July DOGWOOD Enewetak Barge
o 12 July POPLAR Biikkind Barge
::; 14 July SCAEVOLAY  Enewetak Barge
- 18 July PISONIA Enewetak Barge
:§ 22 July JUNIPER Bikini Barge
& 23 July OLIVE Enewetak Barge
27 July PINE Enewetak Barge
% 31 July TEAK® Johnston Island area High Altitude (rocket)
5 6 August QUINCE Enewetak Surface
¥ 11 August ORANGE® Johnston Isiand area High Altitude (rocket)
% 18 August FIG Enewetak Surface
- Notes: Yields have not been announced except as noted below.
B %8 xT.
b .37 wr. ¥,
& g.9 MT.
h
@ Low.

e
55 Megaton range.
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The third part, also sponsored by LOD, addressed a military problem that -
was newer: nuclear weapons in air and ballistic missile defense. The HARDTACK E’;‘\‘
tests directed toward this problem consisted of three high-altitude shots, two e
of which (TEAK and ORANGE) were rocket borne and were conducted at Johnsten {‘i«_"
Isiand. The third of these high-altitude tests, YUCCA, was curried aloft by a R
balloon over the ocean between Enewetak and Bikini. These high-altitude tests -f}:'
used device placement techniques and data-recording operations that were new ;;3-
to nuclear weapons testing.

Central to the test seriles was the experimental program. This program and
its requirements dictated the form of the test organization and the detall of
personnel participation. HARDTACK's experimental program incorporated two as-—
pects, the first of which was the development of the weapons themselves. and
the second involved the measurement of the explosive and radiation effects.
Unlike earlier nuclear test serles, the HARDTACK test operations supporting
each aspect weve in large part separate.

These two aspects can serve as a rough measure of differentiation of in-
terest between the major participants: the AEC interest in weapon development,
and the DOD interest in the military application of the effects of the explo-

sions. The several parts of the weapon development and effects studies each :‘.,'}‘:'
had particular features that led to the possibility of radlation exposure. u_:::{{
e

RADIOLOGICAL SAFETY YA
o

For Operation HARDTACK, CJTF 7 was directed to "assume overall responsi- W
bility for the radiological safety of Task Force persounel and of populated

islands.” To carry out thig responsibilty, the JTF 7 Operation Plan further
directed that a Fallout Plctting Center be set up and that the capablility be
established to keep the task forcn and CINCPAC informed of the fallout situa-
tion at all times. including the announcement of safe reentry times. Fallout
stations were to be set up and technical assistance given to perscnnel in the
Trust Territory of the Pacific Islands. Monitors and couriers were to be pro-

1 L L
.-4".: _'L".la.'l_
. ;! il [

P AL

v

e s
L9

vided for radioactive sample centers. e

e

AN

In addition. the Operation Plan specified that task group commanders es-— {

tablish radiation safety (radsafe) units within the task groups with adequate o
special clothing and radiac instrumentation. Task groups werc also to provide

<

a roster of thelr personnel for film badge preparation.

The radsafe program for Operation HARDTACK was divided into two farts: on-
site and offsite. Onsite radsafe activities were conducted by the various task
groups, with the scientific task group given the responsibility for all radsafe

functions asscclated with diagnostic experimental programs and for dosimetry Q&!
and other technical services to the entire task force. The operation of the o
offsite program and the coordination of the onsite activities were conducted e
by the Radsafe Office of Hg JTF 7. A

A
RADIATION SAFETY STANDARODS :;;;

A maximum permissible exposure (MPE) for personnel was set at 3.75 roent- f»'_:.-‘
gens (R) (Jamma only) per consecutive 13-week period with a maximum of 5 R fou




the operation. Exceptions were made for emergency and other tactical situa-
tions. The operation was defined as the period from 15 days Lefore the first
ready date to 15 days after the last shot. A special MPE of 10 R was author-
1zed for crewmembers of alr-sampling aircraft. In the event of operational
error or emergency. an additional exposure of 10 R would be accepted. Any expo-
sure 1in excess of 20 R total would be considered as an overexposure for alrcrew
samplers.

The limit of 3.75 R per 13-week perlod was zlightly greater than the Na-
tional Council on Radiation Protection and Measurements and the International
Commigsion on Radlation Protection limit of 3 R per 13-week pericd in effect
at that time. The limit of 5 R for the operation is equivalent to the exposure
currently permitted per vyear by Federal guldelines for radiation workers.
Appropriate remarks were to be included in the medical records of personnel
who exceeded the 3.75 and 5 R limits. Military personnel were to be advised
that they should not be exposed to further radiation until sufficient ¢ime
elapsed to bring their average radiation exposure down vo 0.3 R/week. Civiliian
personnel in this category were to be informed that limitations on further
radiation exposure were to be determined by the laboratory or agencv having
administrative jurisdiction over such personnel.

“?«
}} A film badge program provided an exposure-indicating device to all JTF 7
it perscnnel to malntain complete exposure information on everyone entering the
‘%‘;_'- EPG during the operation. The commander of the sclentific task group assigned
Xy overall badging responsibility to a special task unit. J3eginning 1 April 1958,
£1lm badges were 1issued to all individuals upon their arrival at the EPG with
'_ instructlons that the badge be worn at all times and turned in on recall, upon
;:g exit from any contaminated area, or upon departure from the EPG.
%
-] SUMMARY OF TASK FORCE EXPOSURES
The table on the following page documents the numbers and percent of task
_ force personnel who recelved exposures in various categories. These data are
33 based on the latest data avallable and may be added to as research 1is com-
5 pleted. Of the some 19.600 individuals badged at HARDTACK. 99 percent had
;~ exposures that did not exceed the current Federal guidelines of 5 R per year.
5y The highest recorded exposure for the serles was 12.41 R. The overall joint
T task force mean exposure was 0.87 R.
'::;3 During the conduct of the series only one incident occurred of an exposure
. :{3 of a large group of JTIF 7 personnel to significantly elevated radiation levels.
xR This happened on 14 May when the base islands (Enewetak and Parry) at Enewetak
N Atoll received fallout from a test shot that had been detonated at Bikini two
days before. This fallout episode, which lasted about 60 hours. could have
o contributed as much as 1.2 to 1.5 R total dose to personnel on Enewetak Atoll
::3 depending upon the island on which they lived and their work activities. How-
k' ever, since nearly all personnel wore film badges, this fallout exposure is
) reflected in the film badge doses.
"y

There was one known incident of offsite fallout. Two Japanese research
vessels operating outside the danger area set up around the EPG detected an
increase in radiation after shot POPLAR. An investigation by the JTF 7 Staff
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Summary of HARDTACK I Exposures

Exposure Ranges {roentgens)

No. of —— High
Persons 0.001- 1.000~ 3.000- 5.000~- Over Recorded
Badged (4] 0.999 2.999 4.999 9.999 10 (R)
Arnmy 1.574 136 371 1,00 54 2 4] 6.63
% of Total 9 24 64 3 <1 0
Navy 8,704 1,024 6,637 1,029 12 2 1] 5.96
® of Total 12 76 12 <1 <1 3]
Air Force 3,795 588 1.281 1,730 106 73 7 12.41
% of Total 16 34 45 3 2 <1
Marine Corps 219 24 151 43 1 0 0 3.23
X of Total 11 09 20 <1 ] )]
Other Military 179 33 49 95 2 0 4] 3.59
% of Tetal 19 27 53 1 0 [1]
DOD Contractors 113 10 59 41 3 0 0 4_05
% of Total 9 52 36 3 0 4]
Oiher Participaunic 5,067 1,050 1,623 2,266 126 2 0 5.26
% of Totail 21 32 45 2 <} 0
Total Participants 19,651 2,875 10,171v 6,215 304 79 7 12.41
® of Total 15 52 KY| 1 <1 <1

Surgeon revealed that this exposure was small,

amounting to,

at most, 0.085 R

for the crew, and even this figqure did not reflect the decontamination proce-

dures that were used to lower the contamination.

The detonations during HARDTACK I,
not expose the Hawalian Islands to fallout.

including those at Johnston Island, d4did
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PREFACE

Between 1945 and 1962. the U.S. Atomic Energy Commission (AEC) conducted
235 atmospheric nuclear weapon tests at sites in the United States and in the
Pacific and Atlantic oceans. In all, about 220.000 Department of Defense (DOD)
participants, both military and civilian, were present at the tests. Of these,
approximately 142,000 participated in the Pacific test series and approximately
another 4.000 in the single Atlantic test serles.

In 1977, 15 vyears after the last aboveground nuclear weapon test, the Cen-
ter for Dlsease Control (CDC) of the U.8, Department of Health and Human Ser-
vices noted more leukemia cases than would normally be expected among about
3,200 soldiers who had been present at shot SMOKY., a test of the 1957 PLUMBEOB
series. Since that initial report by the CIXC, the Veterans Administration (VA)
has received a number of claims for medical benefits from former military per-
sonnel who believe thelr health may have been affected by their participation
in the weapon testing program.

In late 1977, the DOD began a stucy that provided data to hoth the CDC and
the VA on potential exposures to lonizing radiation among the military and
civilian personnel who participated in the atmospheric testing 1% tc 32 years
earlier. In early 1978, the DOD also organized a Nuclear Test Personnel Review
(NTPR) to:

o Identify DOD personnel who had taken part in the atmo-
spheric nuclear weapon tests

o Determine the extent of the participants' exposure to ion-
izing radiation

o0 Provide public disclosure of information concerning par-
ticipation by DOD personnel 1in the atmospheric nuclear
weapon tests.

This report on Operation HARDTACK Phase I 1s one of many volumes that are
the product of the NTPR. The DOD Defense Nuclear Agency (DNA). whose Director
is the executive agent of the NTPR program, prepared the reports, which are
based on military and technical documents raporting various aspects of each of
the tests. Reports of ithe NTPR provide a public record of the activities and
assocliated radiation exposures of DOD personnel for interested former partici-
pants and for use in public health research and Federal policy studies.

Information from which this report was complled was primarily extracted
from planning and after-action reports of Joint Task Force 7 (JTF 7) and its
subordinate organizations. Documents that accurately placed persgonnel at the
test sites were desired so that their degree of exposure to the iconizing radi-
ation resulting from the tests could be assessed. The search for this informa-
tion was undertsaken in archives and libraries of the Federal Government, in
speclal collections supported by the Federal Government, and. where reason-
able, by discussion or review with participants.

7
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For HARUDTACK, the most important archlval zource 1s the Waspington National
Records Center (WNRC) in Buitland, ®aryviand. The Naval Archives at the Wash-
ington Navy ¥Yard alsc were helpful, as was the collectlon of documents assem-
bled by the Alr Force Weapons Laboratory (AFWL) Historian, the collection now
being housed in the AFWL Technical Library at Kirtland Air Force Base, Albu-
querque, MNew Maxico. Other archives searched were the Department of Energy
{DOE) archives at Germantown, Maryiand, its Nevada Operations Office (DOE/NV)

archives at Las Vegas, and archives of the Test Division of the Los Alamos
National Laboratory.

JTF 7 exposure records were retrieved from the WNRC, and an additional
file of exposure-related documsnts that had been micrcfilmed by the Reynolds

Electrical and Bngineering Company, Tnc., support contractor for DOE/NV was
also ugeful .

Primary documentation of personnel movement in areas of potential radia-
tion exposure ls sparse. This has been compensated for, where possible, with
inferences drawn from secondary sources and the exposure records themselves,

The work was performed under RDT&E RMSS B350079464 U99 OMXMK 506-09 H2590D
for the Defense Nuclear Agency by personnel from Kaman Tempo and R.F. Cross
Assoclates as subcontractor. Guldance was provided by Mr. Kenneth W. Kaye of
the Defense Nuclear Agency Biomedical Effects Directorate,
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CHAPTER 1
OVERVIEW

INTRODUCTION
Purpose

HARDTACK was the operation designation for U.O. nuclear testing in both
the Pacific and in Nevada in 1958, Phase I was an atmospheric test series in
which 35 nuclear devices were detonated at the Atomic Energy Commisslon's (AEC)
Eniwetok Proving Ground (EPG)* at Enewetak! and Bikini atocils in the spring
and summer of 1958. HARDTACK Phase Il was conducted in Nevada. HARDTACK Phase I
is the subject of this report, and Table 1 lists the detonations. Phase I 1s
subsequently referred to simply as HARDTACK throughout this report.

This report documents the participation of Department of Defense (DOD)
personnel who were active in thils test series. The report's purpose 1s to bring
together the available information about this atmospheric nuclear test series
Fertinent to the exposure of DOD personnigl, both uniformed and civilian em-
ployees. The report explains the reasons why DOD personael were present at
these tests, lists the DOD corganizations represented, and describes thelr
activities. It discusses the potential radiation exposure involved in these
activities and the measures taken for the protection of DOD personnel, It pre-
sents the exposures recorded by the participating DOD unics.

Historical Perspective

bDuring HARDTACK the United States fired 35 nuclear devices, which was as
many as had been fired in all prilor Pacific Ocean tests. Not only was the
total number of shots 1in HRROYACK large, but the varlety of types was great;
land~- and water-surface events, underwater detonations, and balloon- and
rocket-borne high-altitude tests were conducted.

wWith each nuclear explosion there was a release of some radioactlive mate-
rial into the atmosphere and, as a result of the increasing rumber of nuclear
tests, concer: was growlng about the health effacts of radioactive fallout. In
Ecme cases this concern became diract opposition to the conduct of the tests.
Concern and opposition to nuclear weapnn testing was also growing on purely
political grounds.

* Before 1958, the EPG was called the Paclfic Proving Ground (PFG).

¥ A better understending of tha Marshall Islands language has permitted a more
accurate transliteration of Marshall Island names into English language
spelling. Thess newer transliterations are used in thls report with few ex-
ceptions. Appendix O lists the names and their varlant snelling.
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Table 1. HARDTACK Phase ] detoaations, 1953.

3};’ Loca?l Assigned Type
kg Date Name Location Burst
-

28 April YUCCA Between Enewetak and Biking High Altitude

9 6 May CACTUSA Enewetak Surface

o 12 May FIR Biking Barge

12 May BUTTERNUT Enewetak Barge
R 13 May KOAP Enewetak : : Surface
g 16 May WAHOO Enevetak Underwater
. 21 May HOLLY Enewetak Barge

) 22 May NUTMEG Bikint Barge

i 26 May YELLOWWOOD Enewetak Barge

By 27 May MAGNOL IA Enewetak Barge

§§ 30 May TOBACCO Enewetak Barge

& 31 May SYCAMORE Bikind Barge

: 3 June ROSE Enewetak Barge

9 June UMBRELLA Enewetak Underwater
11 June MAPLE Bikind Barge
15 June ASPEN Bikind Barge
185 June WALNYT Enewetak Barge
-5 18 June LINDEN Enewetak Barge
L 28 June REDWOOD 8ikind karge

i 28 June ELDER fnewetak Barge
U 29 June 0AKS Enewetat Barge
C e 29 June HICKORY Bikint Barge
““gﬁ 2 Juty SEQUOIA Enewetak 8arge

‘;§ 3 July CEDAR Bikinit Barge

N 6 July DOGWOOD Enewetak Barge
- gg 12 July POPLAR Bixkind Barge

P 14 July SCAEVOLAY Enewatak Barge
ks 18 Juiy PISONIA Enewetak Barge
) SE 22 July JUNIPER Bikind Barge
L 23 July OLIVE Enewetak Barge
. 27 July PINE Enewetak Barge
o 31 July TEAK® Johnston Island area High Altitude

B 6 August QUINCF Enewetak Surface

11 August ORANGE © Johnston Island aroca High Altttude
18 August FIG Enewetak Surface

—

Notes: VYields bhave not been unnounced except as noted below.
%18 xT.
b1.37 MT.
“s.9 M.
Luw.

e o
Megaton range. y
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By 1958 the U.S8.-U.3.5.R. antagonlsik had lessened somewhsat from its pesk
during the earlisr “cold-war® years, and there wag & political sentiment that
nuclear weapon tests were in lsrge part a variety of saber-rattling chat tended
to snhance the international tensiong that could lsad to nuclesdr war. Thers was
algo mentiment that the snding of the tests by tihe United States with., or even
without, a compensating and expectad cegsatlion of tasting by the U.S.3.R. could
he n first mtep on the way to general disarmement.

o the other hand, cthe predominant opinion In the United States was that
the weapons being developed were wvital to its Interestz and were the only
counterwaight the United States possessed to offset the superior manpowsyc of
the U.S.3.R. *this opinlon conslidered the low probebliicy of sdverse heslth
effects resulting from the tests as a smali, almogt inconseguentlal, price to
pay for natlionnl or., indeed, interpational survival., Some felt chat without
the deterrence provided by the mussive retaliatory power 2f the United States
in the form of nuclear weapons, the U.3.3.K. would perceslve the Western world
as weak and would surely attack, initiating & nuclear wer in which neithar
side could expect victory in any conventional sense.

A drive to continue testing also resided within the testing community in-
self, The development of huclear weabons up to this time had been primarvily of
large~yisld, strategic weapons that f£it with the established U.8. policy of
“masgive retaliation.” In 1958, some weapon desiduners felt that with more test -
ing, swnaller and more efficlent and radioclogicaliy “clisan” weapons could be
developed. This development would enhance flexibility in the military support
of U.8. foreign policy, and the “cleanness" of the test explosions would also

make testing operations themselves less contaminaring and thus more acceptaule
to world opinion.

The debate cver testing was conducted at the highest levels within the
U.8. Government., The U.S.8.R. had just completed an atmospheric test series 1in
the spring of 1958 and it was clear that the Russlians, having already had their
turn, were likely now to make some propaganda ploy by renouncing nuclear test-
ing., knowing that the United States was about to begin the HARDTACK serles.

Arguments for the continuation of the planning and execution of HARDTACK
prevailed but with what was., perhaps, & concession to world opinion -- the
addition of & shot to demonstrate the radiological cleanness of the U.3, weap-
ons belng tested. In April, an invitation was extended to the member nations
of the United Natlons Sclentific Committee on the Effects of Atomic Radiation
to observe this demonstration. The shot was basically intended to demcnstrate
that a low proportion of the total vield was developed by the fission process:
its pcoof, however, requirved the use and understanding of sclentific instru-
ments that determine both the total yleld and fission contributicn. Therefore,
the invitation was for each meiber nation to send one sclentist and one press
representative. The activities planned are discussed in somewhat more detai:
subgequently (see “Task Unit 7.1.7.°' page 55).

The United States cancellsd this event on 26 July since the earliest the
test could have been conducted was 25 Rugust and it could have been delayed
even more. This late date wuld have interfered with the observer sciontiste
attending the "Secoad Atoms for Pzace" conference on September 1 in Genevwa.
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The United Btates offersd to substitute "laboratory devices" &t some indefinite
futuze date for the cancelled test. At the time of the cancellation only three
{Gelgium. Bweden and France) of fourteen nations had agreed to send representa-
tivexs, The “EBastern bloc*® nations (U.8.3.R. and Czechoslovakia) and Incdia had
doclinad, and eight hed not replisd.

fanort Organtization

Subseguent aactions of this overview chapter discuss the form of experi-
mental nuciear weapon test programs with emphasis on the potential radiation
exposure of participating DOD personnel. The experimental activitlies are con-
sldered first without particular reference to the gecgraphic location of the
testing, and are then related to the gecgraphic limitations on such activities
at the EPC snd Johnston Xslend. The portion of the experimental program in
winich DOD participated most heavily 1s emphasized.

The chapter concludes with a description of Joint Task Force 7 (JTF 1),
the organization that conducted Operation HARDTACK, and indicates how the DOD
elaments within JTF 7 functioned.

Chapter 2 1s concerned with the radiologlcal safety (radsafe) aspects of
the tests., This chapter documents the procedures, training. and equipment used
to prot#ct particlipants from the radiation exposure potential inherent in the
test operations.

Chapter 3 focuses on the role of the DOD in the experimental progrsm of
HARDTACK 1in general, leading to a discussion of the DOD operations for the
test events in particular in Chapters 4 and 5. Chapter 4 discusses the weapon
development phase, and Chapter 5 presents the DOD phases of HARDTACK, first
the underwater tests, followed by the high-altitude shots.

Chapters 6 through 9 report participation by the Army, Navy, Air Force,
and Marine Corps, respectively. Chapter 10 summarizes the participation of
other government agencles and contractors. A listing of participating units
and a statistical characterization of their personnel exposures are inciuded
in these chaptery. The personnel exposures are discussed in Chapter 11.

NUCLEAR TESTS AND RADIATION EXPOSURES

Nuclear testing before 1961 usually consisted of the unconfined detonation
of nuclear devices (usuallY not weapons) 1n the atmosphere. The devices might
be placed on a platform or a burge on the surface, placed atop a tower, sup—-
ported by a balloon, dropped from an airplane, or flown on a rocket. On occa-
sion, devices were detonated underwater or burlied in the earth cor in under-
ground tunnels and shafts.

In theory, persoanel could be exposed either by the radiation emitted at
the time of explosion and for about 1 minute thereafter -- usually referred to
as initial radiation -- or the radiation emitted later (residual radiation).
Initial radiation 1s part of the violent nuclear explosion process 1itself: to
be close @nough for initlal radiation exposure would place an observer within
the area swept by lethal blast and thermal effects.
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The neutron component of initial radiation did indirectly contribute to
the possiblility of personnel exposure. Neutrons are emitted in large numbers
by nuclear weapon explosions. They have the property of altering certain noen-
radloactive materials so that they become radicactive. This process, called
activation, works on some 1isotopes of sodium, silicon, calcium, manganese. and
iron, as well as other common materials. Activation products thus formed are
added to the Iinventory of the radicactive products formed in the explosion
process. The radiation emitted by this inventory more than ) minute after
detonaticn 18 referred to as residual radiation.

The potentlal for personnel exposure to tesidual radlation was much greater
than the potential for exposure to initial radiation. In the nuclear explosion
process, fissioning atoms of the heavy elements, uranium and plutonium, split
into lighter elements., releasing energy. These lighter atoms are .hemselves
radioactive and decay, forming another generation of descendants from the ori-
ginal fission products. This process 1s rapid immediately after the explosion
but slows later and continues for years at very low levels of radicactlivity,

Overall radioactivity of all the fission products formed decays at a rate
that 1s closely approximated by a rule that states that for each sevenfold in-
crease in time the intensity of the radiation will decrease by a factor of ten.
Thus, a radiation rate of 1 roentgen per hour (R/hr) at 1 hour atter detonation
would be expected to be 0.1 R/hr afrer 7 hours and 0.01 R/hr after 49 hours.
This rule seems to be valid for about 6 months following an explosion, after
which the observed decay rate is somewhat faster than that predicted by this
relationship. Activation products, in general, decay at a faster rate than the
£ission products.

Fission products and the activation products, along with unfissioned ura-
nlium or plutonium from the device, are the components of the radiocactive ma-
terial in the debris cloud, and this cloud and 1its fallout are the primary
sources of the potantial exposure to radiation.

In a nuclear airburst in which the central core of intensely hot material,
or fireball., does not touch the surface, the bumb residues (including the fis-
sion products., the activation products resultiang from neutron interactlon with
device materlals, and unfissioned uranium and/or piutonium) are vaporized.
These vapors condense as the fireball rises and cools, and the particles formed
by the condensation are small and smoks-like. They are carried up with the
cloud to the altlitude at which its rise stops, usually called the ¢loud stabi-
lization altlitude. Spread of this material then depends on the winds and wea-
ther. If the detonation is small, the cloud stabilizatlon altitude will be in
the lower atmosphere and the material willl act like dust and return to the
Earth's gurface in a matter of weeks. Essentially all debris from detonations
with yields equivalent to kilotons of TINT will be down within 2 months (Refer-
ence A.l). Areas in which this fallout material will be deposited will appear
on maps as bands fellowing the wind's direction., Larger detonatlons (ylelds
equivalent to megatons of TNT) will have cloud stabllization altitudes in the
stratosphere (above about 10 miles [16 km] in the tropics): the radiocactive
materiai from such altitudes will not return to Earth for many months and its
distribution will be much wider. Thus, alrbursts contribute little potentlal
for radiation exposure to personnel at the testing area, although there may be
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some residual and short-lived radiation coming from activated surface materials
under the burst if the burst altiiude is sufficlently low for neutrons to reach
the surface.

surface and near-surface bursts pose larger potential radiation exposure
problems. These detonatlions create more radioactive debris because more mate-
rlal 1s avallable for activation within range of the neutrons generated by the
axplosion. In such explosions, the extreme heat vaporizes device materials and
activated earth materials as well. These materials cool in the presence of
additional material gouged ocut of the burst crater. This extra materlal causes
the particles formed as the fireball coolg to he larger in size, with radio-
activity embedded in them or coating their surfaces. The rising cloud will
1ift these particles to altitudes that will depend on the particle size and
thape and the power of the rising air currents in the cloud, which in turn de-
pend on the yield of the detonation. The largest particles will fall back into
the crater or very near the burst area «~ith the next liargest falling nearby.
It has been estimated that as much as 80 percent of the radlioactive debris
from a land-surface burst falls out within the first day following the burst
(Reference A.l).

Bursts on the surface of seawater generate particles consisting mainly of
salt and water drops that are smaller and lighter than the fallout particles
from a land-surface burst. As a consequence, water-surface bursts produce less
early fallout than similar weapons detonated on land. Large-yleld surface
bursts in the EPG over relativeiy shallow lagoon waters or on the very little
truly dry land probably formed a complex combination of land-surface- and
water-surface-burst particle-size characteristics.

Several surface detonations at the EPG were of such a large size that they
formed undetrwater craters. These craters retained a fraction of the devices'
radioactive debris and activated materials, Water that overiay these craters
shielded surface operations from the radiation from this residual material,
but 1t also moved material from the craters into the general circulation sys-
tem of the lagoon waters. Craters were subject to washing and silt plumes were
observed to come from them for long perliods after the shots: it is reported
that plumes from the MIKE crater (the first shot of the IVY Serles., 1952) were
visible a year after the detonation (Reference A.7).

Detonationg on towers may be considered as low airbursts or ground bursts,
depending upon whether the fireball touches the ground. A larger burst will
create more fallout than a smaller burst on equal-height towers, not only be-
cause of the additional fission products and weapon debris, but also because
it will pull up more earth materials. or even form a crater. In addition, the
materials of the tower itself provide a source of easily activated materials.
Particles of the tower materlal may also act as centers for the debris vapors
to condense on to form the larger particles that lead to heavier early fallout.
Devices that fission uranium or plutonium 1inefficiently will cause more of
these radiocactive components of the device residue to be dispersed.

Underwater nuclear detonations are muffled by the great mass of water that
surrounds them. Initial nuclear radlation is absorbed by the water surrounding
the device and the intense heat vaporizes the water near the burst, forming a




bubble beneath the surface of the water that expands as the energy released 1in
the explosion works against the mass of water. This expansion continues until
the energy 1s expended. at which point the bubble begins to collapse as it
rises toward the surface. Depending upon the depth of the burst and the slze
of the bubble (which in turn depends on the yield, or total energy released,
of the explosiocn)., the bubble may break the surface of the water near its fully
expanded size or amaller. Some radiocactive products are vented into the alr as
the bubble breaks the surface. but most of the device debris remains trapped
in the volume of water that collapses on the bubble. This volume of water is
usually referred to as the radioactive pool and was the primary source of po-
tential radiation exposure for individuals participating in the tests. When
the burst i1s close enough to the bottom, an underwater crater may be formed.
and the material excavated from 1t will be radioactive and contribute to the
residual radiation inventory.

When a detonation takes place high above the Barth's surface, the very thin
alr absorbs the initial radiation only slightly. Thus., radiation can travel
great distances at very high altitudes. Downward toward the Earth's surface,
however, the air becomes progressively more dense and the initlal radiation
from a high-altitude burst 1s attenuated and absorbed long before it reaches
the surface of the Earth. For a burst above the atmosphere, the altitudes at
which the radiations are virtually stoppe.l are: 35 to 55 miles (55 to B8 km)
for X-rays: 15 miles (24 km) for neutrons and gammas; and 35 miles (56 km) for
beta particles.

The posalbllity of exposure from early fallout during a high-altitude burst
is alsc virtueally nonexistent. In a high-altitude detonation. the device debris
is dispersed into the stratosphere or higher. This is above the height where
weather., which might bring the radiocactive device debris to Earth, is formed.
Consequently, there is no likelihood that the suspended material will descend
quickly enough to expose personnel in the vicinity of the surface zero. Such
device material remains in the upper atmosphere about 6 months. During this
pericd, and by the time they descend to Earth, most of the radionuclides pro-
duced by the detonation will have decayed to low levels, with two notable ex-
Al ceptions. Isotopes of strontium and cesium, 90sr and 137cs, take longer to
decay than the time required for their deposition. The major radiological con-
cern about a high-altitude burst arises from the radiatinn from these iso-
topes in the delayed fallout.

EXPERIMENTAL PROGRAM

Central to the test series was the experimental program. This program and
its requirements dictated the form of the test organization and the detail of
personnel participation. HARDTACK'sS experimental program incorporated two as-—

o pects, the filrst of which was the development of the weapons themselves, and
A the second involved measurement of the explosive and radiation effects. Unlike
N earlier nuclear test series. the HARDTACK test operations supporting each as-
e pect were in large part separate.
“ Thegse two aspects can serve as a rough measure of differentiation of inter-
*J est between the major participants: the AEC interest in weapon development, and
‘ ,’:., the DOD interest in the wmilitary application of the effects of the explosions.
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The several parts of the weapon development and the effects studies each had
particular features that led to the possibility of radiation exposure.

Weapon Development

In testing devices, wsapon designers are interested in two classes of mea-
surements: the total energy release of the device. and the rate of release.
Total enerqy release measurements are called yield measurements, and the rate
of release measurements are called diagnostic measurements.

YIELD MEASUREMENTS. Device yield is usually determined by several methods,
two of which involve photo-optical techniques. Growth of the intensely hot and
radiating mass of device debris and air that constitutes the nuclear fireball
varles with 1its yleld. Very-high-speed cameras were therefore used to record
this growth, and film records subsequently analyzed to infer yileld. Duration
and intensity of the energy pulse in the optical-thermal spectral region also
vary with vield: thus, light detectors coupled to recorders were also used to
derive yleld,

In addition, yield may be determined by collecting and analyzing a repre-
sentative sample of the device debris. Inferences are then drawn regarding the
vield, based on knowledge of the materials in the device,.

Construction, instrumentation placement, and data recovery for the photo-
optical vield determinations did not usually require personnel to be in areas
with a potential for exposure to radiation. Cameras and light detectors need
only a clear field of view of the burst point and enocugh breadth of view to
encompass the fireball, Camera placement did not involve personnel activitlies
at times and places of high radiation levels. Film recovery generally did not
involve high exposure potential, as the photo stations were usuallv at ranges
and in directions not heavily contaminated by fallout.

Sampling of device debris, however, necessitated much c¢loser contact with
higher levels of radiocactivity. The technique used in HARDTACK and most atmo-
spheric tests was to fly alrcraft with collectors directly through portions of
the radiocactive (or mushroom) cloud, although on some HARDTACK shots rockets
vere used in an attempt to collect samples. About 90 percent of the fission
debrls was usually considered to be in the upper portion of tne mushroom cloud
(Reference A.l). Several alrcraft were used to obtain a representative sample.
Aircrews were exposed to the radlation emitted by the radiocactive particles in
the cloud as they flew through. Alrcraft flying these sampling missions picked
up significant amounts of radicactive materlal on their sucrfaces, posing addi-
tional and continulng radiation exposures to the aircrews as they returned to
bagse, as well as to decontamination ground crews. Samples collected were radio-
logically "“hot" and required speclal handling as they were taken from the
aircraft and prepared for shipment to laboratories 1in the United States for
analysis.

DIAGNCOSTIC HMEASUREMENTS. The explosion of a nuclear device 1s a progressive
release of increasing amounts of nuclear radiation, some of which directly es-—
capes the device. The rest of the radiant energy interacts with the assoclated
material of the device itgelf and is converted into differing forms of radla-
tion and into the kinetic energy of the remaining materials in a small fraction
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of a second. The intensely hot core then reradiates, heating the surrounding
air and creating a shock wave that propagates outward from the burst point.

Weapon dlagnosticians used sophisticated techniques to follow the processes
that occurred during the device explosion. Detectors and collectors were run
up to, and sometimes inside, the device case so that the radiation being sam-
pled could be directly channeled some distance away and there be recorded by
instrumentation designed to survive the ensuing blast. To enhance its trans-
port, radiation was conducted through pipes {(often evacuauted or filled with
special gares) from the device to stations where recording instrumentation was

located o1 where the information could be retransmitted to a survivable record-
ing station.

Radiation measurements are based upon the effects that result from the
interaction of the radiatlon with matter., Fluorescence is one such effect,
Materlals that fluoresce with radlation expcgure were piaced in view of cam-
eras or light detectors to provide a record of the variation of fluorescent

intensity with time, thereby providing an indirect measurement of the radiatlon
environnent.

Other methods of detecting radiation involve the shielding (attenuation)
roperties of earth materials, water, and other substances. These wmaterials
are also used to baffle or collimate radiation to ensure that radiatlion is
directed towsrd the detecting instrument.

Radiofrequency energy produced by the explosion can be detected by radio
receivers and, with the additlion of filtering and processing ¢ircuitry, can
also provide information about the energy flow from the explosion. Such mea-
surements permit remote placement of recelving and recording instruments.

Preshot preparation included the hazards normally assocliated with heavy
construction, and some exposures of workers to residual radiation remaining
from previous itests.

The potentilal for radiation exposure of personnel assoclated with weapon
diagnostic experiments depended upon the proximity of the measurement or data
recovery point to surface zero and the time lapse between the detonation and
the data collection.

The primary radlation exposure potential is from fisslon* products and ma-
terials made radioactive by neutron actlivation of device and earth materials
in the vicinity of surface zero. Thus, the distance from surface zero 1s a
principal factor in assessing exposure to persons engaged in the experimental
program.

Since radiocactive material decays wlth time, the time lapse between the
explosion and exposure 1s a critical factor in dose assessment. Primary record-
ing media for these experiments were photographic fillms from oscilloscope,

* Although the HARDTACK devices were mainly thermonuclear, or fuslon, de-

vices, a significant portion of their energy release resulted from fission
processes.
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streak, or framing cameras located in survivable bunkers near the detonation
point. Because radiation fogs film in time, these films and other time-
sensitive data were removed from the bunkers by helicopter-borne personnel
within hours of the detonation to minimize damage by fogging. This recovery
constituted the main potential fo: exposure of weapon diagnostics participants.

Effects Experiments

Effects experiments were int:inded to acquire urgently needed military ."'ata
that could not be obtained from the smaller yleld tests at the Nevada Test
Site. These experiments may be classed into two general kinds. The first class
of measurements was made to document the hostlle environment created by the
nuclear detonation. The second class o effects experiments documented the re-
gaponse of gsystems to the hostile environment: these measurements are termed
systems response experiments.

ENVIRONMENTAL MEASUREMENTS. The purpose of environmental measurements was
to gain a comprehensive view of the hostile environment created by a nuclear
detonation to allow military planners to design survivable military hardwa. .
and systems and train personnel to survive. Examples of environmental measure-
ments include static (crushing) and dynamic (blast wind) air pressures in the
blast wave, heat generated by the detonation, and fallout radiation. Measure-
ment techniques emploved for HARDTACK varled with the effect being measured,
but usually measuring devices o1 gauges were placed at a varlety of ranges
from surface zero and their measurement recorded in some way. A wide varlety
of gauges and data-recording techniques wazs used. In some cases, measurements
were similar to those beiny made by the weapon designers, but at greater dis-
tances or longer after the detonation, which simplified the recording of the
data, although the recovery problems were by no means trivial.

HARDTACK, with test shots conducted both deep uaderwater and well above
the stratosphere, required a varlety of techniques to document the environment
affected by the bursts.

Rugged, self-recording gauges had been developed for blast and thermal
radiation measurements by 1958 so that complete loss of data from & project
would not occur 1f instrument recovery were delayed, for example, by heavy
fallout. For nuclear radiation measurements, however, prompt data recovery was
still desirable as the gauges used might be thin foils of some material that
would be made radioactive by the burst-time neutrons:; hence early observation
was necessary before the information contained in the induced radiation p&at-—
tern decayed away.
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The potential for radiation exposure of personnel responsible for environ-
mental measurements in general depended on the proximity of the instruments to
the device and the time that elapsed between detonation and instrument recov-
ery, as was the case for weapon development experimentation: the nearer 1in
space or time to the detonation. the greater the potential for exposure.
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SYSTEMS RESPONSE EXPERIMENTS. To document the response of systems to the
hostile environment, military hardware (such as alrcraft or naval mines) was
exposed to the effects of nuclear detonations.
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Techniques used for the systems respensSe experiments were conceptually sim-
ple: exposure of the systex of interest and observation of its response. Actual
conduct of the experiments was far more complex. The level of the threat to
which the system was exposed almost always required documentation so that the
response could be properly understood. necessitating an environmental experi-
ment along with the systems response experiment. It was often not enough to
know whether the system survived, but rather the response of the component
parts and their interactions was required. entailing the placement of sophis-
ticated instrumentation and recording devices.
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while the potential radiological exposure for these systems response ex-—
periments was governed primarily by the closeness of personnel 1in space or
time, an additional problem arose. ¢ften, when the subject of the exposure
itself was recovered for closer examination. 1t could be contaminated by device
debris or even be radloactive because of the activating effects of the device's
neutron output.

OCEANIC TESTING OPERATIONS

Implications of oceanic testing have only incidentally been remarked upon.
These are now discussed, especlally as they relate to DOD operations during
HARDTACK.

Marshall Islands Setting

The Marshall Islands are in the easternmost part of the area known as Mi-
cronesia ("tiny islands“). The Marshalls are spread over 770 thousand mid (2
million kmz) of the Earth's surface but the total land area 15 only about 70
mi2 (160 sm?). Two parallel chains form the islands: Ratak (or Sunrise) to R
the east, and Rallk (or Sunset) to the west; both Enewetak and Bikini are in M
the Ralik chain at 1its northern extreme. Figure 1 shows these islands in the

. Central Pacific. Figure 2 is a map of Enewetak Atoll, and Flgure 3 is a map of
FA% Bikini Atoll. N
&

Typical atolls, Enewetak and Bikini are coral caps set on truncated, sub- <
oh merged volcanlc peaks that rise to considerable heights from the ocean floor. =
». ) Coral and nd have gradually built up narrow islands into a ring-like forma-

; tion with open ocean on the outslide and a relatively sheltered lagoon on the g
= inside. Both atolls have two passages, a wide one and a deep one, that permit 3

N -‘2 access to thelr lagoons from the sea. Enewetak also has a third. All the is- :ﬁ
- " lands are low-lying, with elevations seldom over 20 feet (6 meters) above high o3
-._': tide. .

;’

During nhuclear testing., the more populated, support-oriented sectlions were =y
the south and southeast -areas of the atolls where the larger islands exist. -
Devices were detonated on the northern islands and over the northern reefs.

ot
¥,
o

"’: The western sections of the atolls were not involved in test activitles except ~
e for limited use as instrumentation sites.
>
; Elliptically shaped, Enewetak 1is approximately 550 nmi (1,020 km) southwest
b, of Wake Island and 2,380 nmi (4,410 km) southwest of Honolulu. It encloses a
N lagoon 23 miles (37 km) in diameter and has a total land area of 2.75 mi2
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BOKOMBAKO \\ NN L /  /KIDRINEN
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‘ ELLE
: 2 AEJ .
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AOMON ! 1956 YUMA* TOWER
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ELUK{ AR
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-
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1952  KING, 500 KT, AIR
1956 LACROSSE, 40 KT, SURFACE ’ RUNIT

JNEDROL

1956 ERIE," TOWER
BIKEN 1956 BLACKFOOT,” TOWER
1856 OSAGE" AIR

ANANIY
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i
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\ PARRY

DEEP
ENTRANCE
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IKUREN \ f
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+
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Figure 2. Enewetak Atoll, 1958, showing pre-HARDTACK detonation sites.
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BIKINI
1954 BRAVO (15MT), SURFACE
1954 ROMEO {11 MT), BARGE (ROH
N 1956 CHEROKEE (SEVERALMT), AIR / ODRIK
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1855 TEWA (6 MT), BARGE

\ NAM
\ BOKONENEN /

BOKBATA

1954 UNION (6.8 MT}, BARGE
1954 YANKEE (13.5 MT}, BARGE
1956 FLATHEAD," BARGE

1956 DAKOTA,” BARGE

“ 1946 ABLE 23 KT, AIR BIKINI
1956 NAVAJO,” BARGE 1946 BAKER, 23 KT, ®
UNDERWATER s BOKONFUAAKU
BOKDROLUL COCA YOMYARAN
BOKAETOKTOK -

OROKEN ENIAIRO
& / ADRIKAN ROCHIKARAI

N
X/

/ ENIDRIK
@Q) ENEMAN

LUKOJ PASS + 11° 30" NORTH

ENEU CHANNEL |
1958 KOON (110 KT, SURFACE / LELE

1956 ZUNI (3.5 MT), SURFACE BIKORIN o 1 2 3 5

165° 30° EAST

gl +2]
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AEROQKOJ
0 1 3
L ] l l l l ]
STATUTE MILES
a 2 4 6 8 10
*YIELD NOT ANNQUNCED e | DR T WO WV O I | ]
KILOMETERS

Figure 3. Bikint Atol?, 1958, showing pre~HARDTACK detonation sttes.

(7.12 km?), with elevations averaqging 10 feet (2 meters) above mean sea
level. The support section of Enewetak (Enewetak, Parry, and Japtan islands)
conztitutes about 34 percent of the atoll's land surface. The string of islands
from Runit to Bokoluo, the dotonation area, constitutes about 32 percent. The

various nam¢= used for the islands of the &atoll are listed in Appendix <, "Is-—
land Synenyms.*

Bikinl is 189 nmi (350 km) east of Enewetak., I%s islands conslist of about
2.7 mi?2 {7 kw?) of surface area and encircle a lagoon that is 25 mlles
(40.2 ¥m) long anud 1% mlles (24.1 Xm) wide, with a maximum depth of about 200
foet (61 neteis!. The land area is concentrated in the eastern islands, from
Bikini to Eneu islands, which form about 53 percent of the land total, with 24
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percent taken up by the southern section of Enidrik toc Rerokoj. The detonation i
area in the north occuplies about 19 nercent of the land area.

The climate of Enewetak and Bikinl 1s tropical marine. generally watm and
humid. Temperature changes are slight, ranging from 70° to 90°F (219 to
329¢). Rainfall is moderate, and prolonged droughts may occur. North of both
atolls is open ocean for a thousand miles, with the only inhabited island being
Waka. Storms are infrequent. although typhoons occur:; nevertheless, both wind
and sea are continuous erosional agents. Although possible at any time, most

tropical storms occur from September to December., Cumulus clouds are abundant
in the area.

P T N S

The Fhnewetak-Bikini region incorporates three basic wind systems. Northeast
trade winds extend from the surface to 25.000 to 30,000 feet (7.6 to 9.1 km),
the upper westerlies from the vop of the trades to the base of the tropopause
at 55,000 to 60,000 feet (16.8 to 18.3 km)., and the Krakatoa easterlies from
the tropopause up into the stratosphere. These systems are all basically east-
to-west or west-to~east currents, Day-to-day changes reflect the reiatively
small north-south components., which are markedly varlable. Greatest variation
occurs in the upper westerlies, particularly during late summer and fall.

Ny wtoF P XUWSS swemmew T

The sieady northeast trade winds in the lower levels cause the water at
the surface of the lagooi:s to flow from northeast to southwest, where it sinks
to the bottom and returns aleng the lower levels of the lagoons, rises to the
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&
surface along the eastern arc ¢f the reefs and islands, and iz moved by the g
: winds to the southwest again. Lagoon waters moving in this rlosed loop also |
mix with those of the open ocean, resulting irn a flushing action. :
; i
& At Bikinl, ocean water flows in over the northern and eastern reefs and ¥
% flows out through the western portion of Eneu Channel. The water exchanges over g
the western reefs with the tides, ocean water flowing in and mixing with flood !
=3 and lagoon water flowing out with the lows. The rnat rate of flushing of Bikinil ;
;’,{ waters 1s such that half of the lagoor waters are repleced by oceran water in
fj;j 22 days and the original volum2 will account for only 10 percent of the lagoon v
% volume after 2-1/2 months.
- £ %
k3 At Enewetak. the flushing is more rapid and has two majer routes. The first i
e is directly through the eastern reefs to the western reefs; the second 1s -
.. 0 through veadp Entrance between Japtan and Parry and out Wide Entrance west of .
.3 Enewetak. These two routes also functicn to keep the waters of the northern

1. part of the lagoon separate from the scuthern waters.
= The luand areas of Enewetak and Bikinl atolls, thelr lagoons. and the waters ]
o within 3 miles (4.8 km) of their seaward sides constituted the EPG. These 1s- >
X lands are part of the Trust Territory of the Pacific Islands, a strateqlc area :.,‘
- k trusteeship of the United Nations, administered by the United States. The U.S. &
agency in charge of the EPG itself was the AEC, 1
The Test Division of the ARC Division of Military Rprilcations. Albugquerque 5

Operationg Office, administered the test site through its Enewetak Branch Of- ¥
fice., which supervised engineering. construction., maintenance, operation., and .
manacgement activities performed by its contractor, Holmes & Natver, Inc. (H&N).
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PHYSICAL CONDITIONS IN 1958. Enewetak had been the site of nuclear testing
since 1948: the islands in the southeast quadrant served as the base for the
task forces, and the islands from north through east-northeast were used for
the tests themselves. The principal base islands were Enewetak, which bordered
Wide Entrance, and Parry, northeast of Enewetak, which bordered Deep Entrance.
These two islands, accounting for about 30 percent of the atoll‘s land area,
had been densely populated perindically during prior testing perlods, serving
as the home and working facllities for JTF 7 and its predecessors.

buring the decade that nuclear testing had been conducted, the base islands
had become increasingly built up, with permanent buiidings replacing tents and
more sophisticated structures replacing simple ones.

Parry Island was used zs the joint task force headquarters as well as the
headquarters and living area for the sclentific groups. A compound had been
set aslde for device assenbly work on 1its southern end with sheltered and se-
cure work areas and access to & barge slip s0 that final assembly of test de-
vices could take place on the test barges themselves. Parry also had a pier
extending into deep water to directly offload ocean-going vessels.

Enewetak Island was primarily covered with an =zirfield and its support
buildings and equipment. This airfield wac large enough to support B~52 oper-
ations. Shops, warehouses., and barracks occupled most of the rest of the
isiand’'s area. Figures 4 through 7 show the base islands as they were in 1958.

Japtan, the third major island in the base area. lay just across Deep
Entrance from Parry and still contained a considerabls stand of coconut palas,
pandanue, scasvcla, and other troplcal vegetation. It was the site of a radio-
recelver station and was used as a recreational area. The islands on the west-
ern side of the atoll had been less disturbed and were also covered with vege-
tation. Figure 8 illustrates the typilcal growth.

The northern and northeastern arc of the i1slands had been used as the loca-
tlon ¢of the tests themselves and had been extensively graded. They had also
been connected by causeways constructed of fill borrowed from the islands or
dredged from the shallow reefs that surrounded them. This fil)l material was
held in place by timber and sheet-steel bulkheads. In 1951, the islands from
Eleleron to Lojwa had bzen linked by causeway, and by 1952 causeways had been
built betwsen Eluklab, Dridrilbwij., Bokaldrikdrik, and Boken.

By 1958, the test activities had changed the surface features of these
shot islands. Eluklal: had been completely eliminated in the MIKE test in 1952
and most of Eleleron was removed in 1956 by the MOHAWK test (Refcrence A.8).
Flgure 9 suggests the apjearance of these northern islands. Specific prepara-
tions for HARDTACK included the replacement of the ~auseway between Bokaidrik-~
drik and Boken that had been destroyed by the cratering action of the SEMINOLE
test in 1956, vhich also carried away a portion of Roken. These causeways were
buillt te provide support for long pipe runs and subsurface condults used in
weapon develupment tests and dry-land access to shot points from advance camps.

In October 1932, H&N, acting as the resident contractor for the AEC, began
construction of a camp on Eneman Island on the southern perimeter of Bikin:i.

38




.

s

Y

Faltiew 4
)

Figure 4. Enewetak Island atrfield occupying the western end and most
cf the rest of the t1sland, 19%8.
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Figure 5. Radar vans on Enewetak Islan., 1958. "

39




Figure 6. Enewetak Island 1iving quarters, 1958.
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Figure 7. Three-hundred-foot photo tower on north end of Parry Island
with equipment yard in foreground, 1958.
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Figure 8. Small photo tower being butlt on Mut Island, Enewetak Atoll,
% in heavily vegetated area, 1958,
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- Figure 9. Aerial view of Enjebt Island, showing the general featurelessness
- of the shot 1slands, except for the test structures, and lack of
substant1al plant cover, 1958.




‘”(‘.;‘-‘._KT.'}.". oy Sw Saae e B Sy L300 8a %
kY

This was a base camp for the necessary construction work required to begin the
reuse of Blkini as a site for nuclear weapon testing. An airstrip to serve
Bilkini-Bnewetak traffic was also begun on the neighboring islands of Aerokojlol
and herokoj and on the causeway that was bulilt to link them. The islands of
Eneman, Lele, and Bikdrin were also linked with the alrstrip islands to form a
complex 3 miles (4.8 km) long, traversable by wheeled vehicles. Additional
causeways were constructed in 1953 that Joined Xroij., Odrik, Lomilik., and Aomen
in the northeastern arc of the Bikini islands. Figure 10 shows one of the is-
lands in tho test area at Blkini in 1958,

For the 1954 tests, Eneman was the bhase island for Bilkinl test activities;
but in 1956 Eneu, at the very southeast extreme of the atoll, served this pur-
pose. Construction at Bikini Atoll was always considered expendable as Bikini
was to he an advance camp for Enewetak. However, by 1958 considerable construc-
tion wag done on Eneu to facilitate the HARDTACK tests including an administra-
tion building, a device assembly area, a communications building. and a barge
slip. ERneu also had an airfield. Temporary camps had also been bullt on Nam,
Lomillik. and Aomen to house workess bullding the tesi-related structures on or
near those islands.

RADIOLOGICAL CONDITIONS IN 1958. The shot islands of both atolls hzd been
the site of many dJdetonations, whose locations are shown in Figures 2 and 3,
and the detonation sites and surrounding land areas were sources of potential

Figure 10. Aeri1al view northeast of Nam Isliand at Bikini A%toil1, 19588.
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radiation exposure to personnel. The degree of the potential exposure depenced iy
on the time that had elepsed since the test and the nature and size of the test 3
itgself. From the previous discussion concerning the types of detonations it can
be inferred that the closer the burst point 1s to the surface, the greater the
radliological problem posed for personnel on the surface. As the burst helght
increases there 1s less opportunity for the device debris to mix with the sur-
face material and be deposited there. In the case of the large surface bursts
at the EPG, which formed craters that filled with water, however, the surface
was shilelded by the blanket of seawater rrom the crater's radiocactivity. Even o8
in these cases, scme of the crater's radioactivity left the crater through -
underwater currents that carried out radiocactive silt.

I
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Cleanup of the shot sites and the surrounding areas 1< not we!l docuwnented.
Generally speaking, the policy regarding these "hot" areas was to leave them i
alone and contreol personnel access. However, as the island areas were quite .
small, such a conservative approach had limits. Positive cleanup activities in }3
the form of grading and covering "hot" areas are mentioned in preparation for vy
GREENHOUSE (1951) and CASTLE (1954) at Enewetak in the base support contrac- '
tor's report (Reference D.Z).

Apparently, some collection and burial of concrete contaminated with alpha-
emitting materials had also begun before HARDTACK, although 1t is not mentioned
in the base support contractor's report for HARDTACK. Investigators for a

%3 defense~related program at Enewetak report (Reference D.3. .hat in 1972 they
e found five 20- x 20-foot (6.1- x 6.l-meter) concrete slabs covering ‘i~foot o
L~ (1.2-meter) deep crypts on Romon bearing the following notice and date: }4<
5 ALPHA RADIATION B
DO NOT EXCAVATE )
, ﬁ; THIS 3 INCH THICK CONCRETE SLAB COVERS 'k{
o PLUTONIUM CONTAMINATED CONCRETE DEBRIS o
0% AEC APR 11 1957 I |
f% The KICKAPOO test 1in 1956 was held at. Aomon and did spread alpha-emitting con-— j:“
j% tamination. Whether these crypts contained only material from Aomon, or from -3
3 other islands as well, 1s not stated in the source. —
- |, i
Results of a radiologicai survey of the islands of Enewetak Atoll, con- S
3 ducted in March 1958 by H&N. are shown in Table 2. For reference, comparable Q'
f? infermation followlng the HARDTACK tests 1s also shown in the table. :
R Bikinl was the lozatlon of the first postwar nuclear detonation. In July =
T 1946, the CROSSROADS tests were conducted in the lagoon. Two 23-KT devices ﬁ”
Y| waere detonated: one alrburst over a target fleet, and the second burst under- }:
_;f; water in the lagoon abouc 2 nmi (3.7 km) west of Bikini Island. e
s when testing returned to Bikini in 1954. the use of barges as the shot ?}'
-] point was begun ard thus, with one notable exception. no radioactive surface as
3’; Zero arvas werre developed. Two large underwater craters were formed in 1954 and ~
o these were used as subsequent surface zeros for detonations fired from barges. nj
i 7
'. :-'(. .i
. 7§
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Table 2. Enewetak Atoll gamma backgrounds (R/hr), 1958,

“._ 4

R

L )

Preoperaticnal Postoperaticnal -
(31 March) (31 August) oy
o
Island High Average High Average -
Bokoluo 0.0004 0.0002 0.105 0.040 fﬁ
Bokombako 0.0006 0.0003 0.090 0.060 {%
Kirunu 0. 0004 0.0003 0.120 0.040 g%
Lou} 0.0003 0.98002 0.100 0.040 A
Bokinwotme 0.0006 0.0002 0.030 0.012 5
Bokaidrikdrik 0.004 0.003 0.030 0.014
Boken 0.008 0.004 0.008 0.004
Enjebl 0.0002 0.0007 0.010 0.002
M13ikadrek 0.0002 0.0002 0.002 0.002
Kidrinen 0.0002 0.0001 0.002 0.002
Bokenelab 0.0002 0.0001 0.002 0.002
Dr 4dr 1 1bw?} 0.007 0.003 a a
Ae) 0.0005 0.0002 0.002 0.602
Lujor 6.110b 0.0605 0.002 0.002
Eleleron 0. 400> 0.003 o.100b 3.002
Aomon 0.0012 0.0002 0.0002 0.0002
Bijire 0.0001 0.0001 0.0002 0.0002
Lojwa 0.0001 0.0001 0.0c02 0.0002
Alembe) 0.0902 0.0001 0.001 0.001
Bi1lae 0.0001 0.0901 6.001 0.001
Runit 0.002 0.0007 0.800 0.005
Munjor 0 0 0.0002 0.0002
Inedrail 0 1] 0.0002 0.0002
Jinedrol 0 0 0.0002 0.0002
Anant} 0 0 0.0002 0.0002
Japtan 0 0 0.0002 0.0002
Parry 0 0 0.0002 0.0001
Enewetak 0 0 0.0001 £.0001
Ikuren 0 0 0.0001 0.0007
Mut 0 0 0.0001 0.0001
Rikewon 0 0 0.0001 0.0001
Biken 0 0 0.016 0.012
Unibor 0 0 0.080% 0.0304
Drekatimon 0 0 0.150°¢ 0.150°¢

Notes:

aDr1dr11bw1j was destroyed by KOA detonattion.

bHeta1.

cMpha contamination also present (50,000 counts per minute).
i
dATpha contamination aiso present {10,000 counts per minute).

Source: Reference C.5.3.
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The exception was the site of the KOON test in 19%4 on the western end of H
Eneman Island. This device did not develop its expected yleld and thus may have ?
deposited fissionable alpha-emitting material near the shot point. In 1956, the
ZUNI test waz conducted on the surface at about the same piace. ZUNI destroyed
the western end of Eneman, distributing the remains over the lagoon waters and
the northern islands. Figure 11 is an aerial view of this area. The ZUNI crater
lip also contained device debris and in 1958 the JTF 7 radsafe officer observed .
that the radiation readings on Eneman varled with the tides. At low tide, when ]
more of the lip was axposed, the reading was higher than durinyg high tide when .
the seawater covered more of the lip (Reference C.1,1685)., Figure 12 shows this .
crater lip in 1958,

The results of radiological surveys of Bikinl 1in 1988 are shown in Table 3.

s . 0 4w

Johnston Island

Johnston Island is about 1,500 nmi (2,778 km) east and 350 nmi (648 km)
north of Enewetak. Johnston Island is about 3.000 feet (915 meters) long and
600 feet (183 meters) wide; the smaller Sand Island lies nearby. Both are sur- E
rounded by a reef that forms a half-circle with a 7.5-mile (l2-km) diareter,

The igslands lie within a mile of each otner on the northern, sewmicircular por-
tion of the reef. Figure 13 is a map showing both islands and the surrounding
reef. An inset shows the Johnston Island facllities. The collective area of i
Johnston and Sand islands in 1958 was only 320 aocres (123 hectares), most of 3
which was Johnston Island. Almost all of t‘he Johnston Island surface area was
covered with runway, taxi strip, and buildings and other structuces directly
supporting the ailrfield operation. Figure 14 shows Johnston Isiand in 1958.

Johnston Island hags been a possession of the Unlted States since the ac-~ »
3. quisition of Hawail in the 19th century. It was used as a base during World
3; war II. In 1958 it was an Alr Force hase. but was only used for an emergency
L landing field and as a base for the operation of navigation aids. Earller in
: the decade it had been a regular stop for Military Air Transport Service (MATS)
trans-Pacific flights. It was manned by about 100 men in 1958. "

w e MRS

The weather at Johnston Island 1s similar to that ¢f the Marshalls except
it is somewhat drier and has less frequent cloud cover. The wind system there
is also similar, with trade winds from the «ast from the surface to about
20,000 feet (6.1 km) altitude, winds from the west frowm 20,000 to 50,060 feet
(6.1 to 15.2 km) altitude, and winds from the 2ast up to the stratosphere.

e e LMW, T eT
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Spectal Problems in Oceanic Testing

The Marshalls offered a large uninhabited area for test activitizs and for
the favorable disposition of the test debris if the winds were in the right
direction. However, the area was almost all water. coffering little dry space
to place shot towers, instrumentation shelters, test structures. or places to
live. At Enewetak Atoll the total land area is only about 1,800 acres (about
730 hectares), and the prime acreage in the southeastern quadrant (about one-~
thirgd of the total) housed that part of the task force not based on ships. The 5
5 land area of Enewetak Island, the laraqest of the atoll, 1s only about 320 acres ;
. '3 (about 130 hectares), and about half cf this was occupled by an airstrip and
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Figure 17.

Figure 12.

A

Aer1al view to east from over ZUNI crater at Eneman Island,
Bikint Atoll, 1958.

Revetment being built at west end of Eneman Island, Bikini Atoll
(1ip of ZUNI crater), 1958.
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Table 3. Bikini Atoll gamma backgrounds (R/hr), 1958. f;
Preoperational Postoperational 'J
{31 March) {31 August) ﬁ
Istand High Average High Average 5
Bokbata 0.004 0.003 3.500 2.000 "
Nam 0.0028 0.002 0.180 0.100 éé
Irot) 0.015 0.001 0.036 0.030 !E
LA
0dr 1k 0.001 0.0004 0.100 0.020 o3
LomiTik 0.001 0.0005 1.000 1.000 Sg
Aomen 0.0006 0.0004 0.015 0.010 o
5 Bikint 0.0004 0.0002 0.0005  0.0003 B
1?; Bokonfuaaku 0.0002 0.0062 0.0005  0.0003 ;é
3 Jedrol 0.0001 0.0000 0.00025 0.00025 3
£ Entairo 0.0002 0.0002 0.00025 0.00025 E;
N Rochikarai 0 0 0.00025 ©.00025 ﬁ%
‘ %ﬁ Toncheb? 0.0001  0.0001 0.00025  ©.00025 s
2 Eneu 0 0 0.00025  0.00025 :
%& Aeroko} 0.0002 0.0002 0.0005  0.000% :
B Aerokoiol 0.0002 0.0002 0.0005  0.0005
'gg Bikdrin 0.0002 0.0002 0.0005  0.0005
o1 Lele 0.0002 0.0002 0.0005  0.0005
xé; Eneman 0.0005 0.0002 1.000 0.250
= Entdrik 0.0003 0.0002 0.140 0.080
£ Luko} 0.0002  0.0002 0.800  0.500
b3 Jelete 0.0006 0.0004 1.000 0.600
& Adr 1kan 0.0006  0.0005 0.360  0.300
=] Oroken 0.0008 0.0004 0.300 0.260 !
b Bokaetoktok 0.0008 0.0003 0.300 0.250 -
ég Bokdrolul 0.0008 0.0006 0.280 0.240 E%
‘ \_j Source: Reference C.5.3. o
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Figure 13. Johnston Island, 1958. ‘
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Figure 14. Aerial view of nearly all of Johnston Island, 1958.

associated activities. Furthermore, the land suitable for testing was not ne-
cesgsarily distributed in the appropriate directions and sizes for instrument
placement. Lack of land area was one of the factors necessitating use of both
Bikini and Enewetak atolls starting in 1954. The addition of Bilkinil also pre-
cluded damage to the Enewetak facilitles by very-large-ylield devices.

The lack of land was compensated for in part by civil engineering projects.
Causeways were constructed that linked strings of i1slands te support the long
pipe runs of some experiments over thousands of feet. These also permitted land
transportation from construction camps to proposed zero points. thus allowing
more time during the workday to be expended on the Job rather than in commuting

by water from base islands. Soie artificlal islands were created as shot points
and instrument locations.

Floating data-collection stations also compensated for the lack of land
area. These were used extensively in the nuclear radiation program. Anchored

rafts and bucoys., serving as fallout-collection statlons, were placed in the
lagoon and in the open sea.

Barge-mounted test devices. a technique first used in 1954, also compen-
sated for the lack ¢f land at the EPG. This alluwed the avallable land area to
be used for the placement of measurement instrumentation end reuse of the same
burst point without the long delays required for radiological coeling by na-

tural decay or expensive and long decontamination procedures. A typical shot
barge is trown in Figure 15.
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Figur2a 15. HARDTACK. ELDER shot barge at Enewetak Atol1l with small landing
craft alongside.

Reuse of zero points also allowed reuse of instrument locations and reccrd-
ing stelters for several tests., savirg construction costs and time and increas—

ing test-scheduling flexibility. In HARDTACK the 26 barge events used only five
detonation areas.

Use of shot barges, however, precluded the acqgulsition of some weapon de-
velopment data that required a precize line of . 'ght between the test device
and the recording ings:irumentatliod. Barge movewent sy lagoon currents was mini-
mized Dy specilal mooring techniques, ut not to the degres necessary for some
measurements. Figure® 16 shows a surface shot gcound zerc and the diagnostic
pipe runs. The barges alse pre~luded use of the long overland pipe runs re-—
Gguired for some other diagnostic measucements. In HARDTACK, use wag nmade of
saorter pipes that collimated radiation and directed 1t at an angle throughk
the bottom of the barges to ins:rumentation on the bottom of the lagoon at a
sufficlient distance to survive the blast. Placement ard recovery of such in-
strunentation required divirg operations.

JOINT TASK FORCE 7

JTF 7 was the successor to JIF 132, which had conducted the IVY test series
in 1952. JTF 7 wss established as a permanent organization in 1953 to conduct
nuclear weapon testing in the Pacifilc. It existed thcough the end of the 1950s
and was dissolved during the moratorium on nuclear weapon tesving.

The joint task force incorporated into 1its organization elements of the
four services, other government agencies including the REC, and civilian orga-
nizations under contract. The AEC, charged with responsiblility £for nuc.eer
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Figure 16. The HARDTACK, CACTUS device <ab at zero point on Runit Island,
1953,

enorgy development by the Atomic Energy Acts «f 1946 and 1954. designated Com—
mander JTF 7 (ZJTF 7) as 1ts representative for nuclear weapon teésting in the
Pacific. JTF 7 was also a subovrdinate command of the Tommander in Chief., Paci~
fic (CINCPAC), who provided overall security and logistic support. Tha Chief
¢of the Armed Forces dpecial Weaponts Project (RFSWP) exercised technical dicec-
tion of the weapon effects tests of primary concern to the Armed Forces. The
complexity of these relationships is illustrated in Figure 17.

The resulting organization, though complex, worked well enocugh, as 1t con-
formed with the realities of the situation., The reallties were that the tests
were belng conducted to develop nuclear weapons, an activiry liuited bv law to
a civilian agency., the AEC. The tests were neinly being conducted in an area
that came under the jurisdiction of the AZC (in the sense that the AEC was the
U.8. guvernment agency primarily responsible fur the islands that were included
in the EPG). The United States, however, did not actually own tfic serrltory
belng used, but rather it was held in trust. Furthermore, the ter:itory was
remote from the United States and required specilal supplv and security arrange-
ments appropriate to miiitary operations. Finaliy, the organization for which
the weapons were beling developed wag the U.38, miiitary establishment.

The special location of the EPG rsquired a miltary cperation to conduct

the tests. The JTF 7 Scientific Director actually directed the tests and CJTF 7
enforced his decisions. The joint task force was divided into funrtional aad
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Figure 17, Organization of Joint Task Force 7.

gzervice~branch oriented units, each of which reported to CJITF 7 through thelr
separate task group commanders.

Task Group 7.7 (Sctentific)
Functions of the scientific task group were to (Reference C.1.1682):

r"r
’l.
1. Position, arm, and detonate the nuclear test devices i}_
2. Conduct for each explosion the experiments needed to meet I

the technical requirements determined by appropriate
authority within the AEC and DOD.

P

[ S Y

With this charter. the sclentiflc task group was the center of the opera-
tional effort, as it had been in all previous test serles held at the EPG. The
organization included seven task units (see Figure 18) with personnel from the
RBC laborstories that provided the nuclear devices, from the DOD corganizations
interested in weapon effects, and from varlous contractors. All components of
the Jjolnt task force functioned to support 76 7.1 work in one way or another.

-

weEre e

Ay &7

Most TG 7.1 personnel wer2 stationed on Enewetak Atoll, with Bikini Atoll -
and Johnstun Ioland used as forwerd working areas for units participating in
shots fired a4t thasa locations. A few project personnel for Task Unit 7.1.3
(3 7.1.3) and TU 7.i.4 were =statlconed at Rongelap. Kwajalein, and Wotho
atolls, and Kusale and Wwaite islands. Peak population of TG 7.1 in the EPG was
1,333, reached on 24 April 1958 when 94¢ men were at Enewetak Atoll and 387
were at Bikinl Atoll. although Decause of personnel movements both atolls had
higher numbers of parsonnel at differant dates. Peak tagk group population at
Enewetak was 1,038. reached 8 May, and at Birinl was 490, reached on 14 April.
The peak popuiaticn at Johnston T“sland was 2%# on 31 July. A total of 2,171
mant ware badged as members of TG 7.1, but the rusport of CTG 7.1 stated that a
total of 2,885 individuals “participated in the operation" (Reference C.1.1682,
pp- T1-72:.
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Figure 18. Organization of Task Group 7.1, HARDTACK. %.:-",-

TASK UNIT 7.1.1 -- LASL PROGRAMS. This unit conducted the diagnostic mea-~
surements on the LASL-developed nuclear devices. All the LASL devices were

L
detonated on Enewetak A%oll and TU 7.1.1 was based on Parry Island (Refer—~ :\.
ence B.0.l, Annex O, p. 0-2). The Consolidated List of Exposures (Reference T
C.1.6.3), a compilation of film badge readings for HARDTACK participants. shows )
264 men badged as part of the task unit, 235 from LASL, and 29 from the Naval L
Research Laboratory (NRL). e

TASK UNIT 7.1.2 -- UCRL PROGRAMS. TU 7.1.2 was organized to make diagncatic oo
measurements for the tests of the UCRL-developed nuclear devices. Originally, Ry
all the UCRL shots were to be conducted on Bikini Atoll; however, bad weather o

slowed the pace of testing at Bikinl. and five of the fifteen UCRL ghots were

transferred to Enewetak Atoll. The Consolidated List shows men from the follow-
ing organizations badged as members of this task unit:

B

3
UCRL 387 e
Sandia Corp 7 i::?.
Unicentified 2 P

ol

St
RSN

[ I L

.
..- v
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Plans called for three military to be included, but apparently they were not
unless the "Unidentified” were military.

TASK UNIT 7.1.3 ~- DOD PROGRAMS, The mission of TU 7.1.3 was to conduct
weapon effects experiments. Its most concentrated efforts were on shots YUCCA,
UMBRELLA, WRHOO, TEAK, and ORANGE. Many projects were also active on the sur-
face HARDTACK shots, CACTUS, KOA, QUINCE, and FIG. One or more of the project
teams participated on 18 other shots.

The organization was divided into three major components. One component,
including the task unit headquarters, was on Parry Island, and forward area
commands were located at Bikinl Atoll and Johnston Island. uUntil 30 June, most
TV 7.1.3 personnel were based at Enewetak Atoll. The contingent at Bikini Atoll
wag reduced to one officer and one enlisted man after YUCCA because only one
project was active there following the mid-April decision to move the launch
site for the TEAK and ORANCE missile shots to Johnston Island. Most of the TU
7.1.3 personnel from Bikini were sent to Johnston Island. where, augmented by
some men from the Enewetak contingent, they carried out task unit projects for
TEAK and ORANGE. After 1 July., Johnston Island was the major focus of DOD
HARDTACK activities.

The Congolidated List shows 841 men badged as members of TU 7.1.3 from some
40 organizations, representing both government and private industry. Strength
of the task unit at the EPG peaked at 665 men on 12 April. After 1 July, staff
and projaect personnel were sharply reduced in the EPG, leaving only those par-
ticipating in the QUINCE and FIG shots. Task unit staff began arriving at John-
ston Igland on 1 June, with the largest bulldup of personnel in early July. A
tagk unic staff of 31 and about 230 project personnel helped support the two
Johnston Island tests (Reference C.1.1682, p. 120). The task unit also had a
small number of men on Wotho, Kwajalein, and Rongelap atolls, and Kusaile and
Wake islands.

TASK UNIT 7.1.4 -- SANDIA ACTIVITIES. Manned entirely by Sandia Corporation
personnel, TU 7.1.4 conducted Programs 32 and 34. In Program 32, instrumented
rockets were used to measure various phenomena and effects resulting from the
TEAK and ORANGE explosions. Project personnel photographed the two detonations,
Sandia also provided the missile warheads and helped evaluate the fuzing and
firing systems.

Sandia provided assorted services through Program 34, mostly to elements
of TG 7.1, including (1) diagnostic telemetry for many shots, (2) the nuclear
devices and various supporting systems for YUCCA, UMBRELLA, and WAHOO, (3) mi-
crobarographic measurements of blast waves on most shots., (4) measurements of
radiation effects on nhuclear weapon components, and (5) measurement of radia-
tion during the QUINCE and FIG shots (Reference C.1.1682, pp. 13, 20-21).

One hundred seventy-seven Sandla employees were badged as members of TU
7.1.4. During January and February 1958, task unit staff elements arrived at
the EPG. Personnel working on Program 32 arrived in March. By April most of
the personnel working on Project 34 had arrived. The task unit's first person-
nel paak was reached in April, when 111 men were at the EPG. The second peak
occurred in July with 123 personnel on hand (Reference C.1.1682, p. 121). Task




¢ i o o

force planning also called for small contingents to be stationed on Kwajalein
and Rongelap (Reference B.0.1l, Annex 0, p. 0-2).

TASK UNIT 7.1.5 -- EDGERTON, GERMESHAUSEN & GRIER (EG&G) ACTIVITIES. This
task unit provided systems for arming. monitoring., and firing the nuclear de-
vices and timing signals for the experimental programs; performed technical
photography of all detonations; and measured reaction histories of 19 shots.
BEG&G installed a total of seven firing systems: three each on Eneu and Parry,
and one on U8S8 Boxer (CVS-21), One of the systems on Eneu Island was moved to
Johnston Island when the TERK and ORANGE missile launches were transferred
there from Bikini Island.

The CTG 7.1 report states that 320 EG&G men served with TU 7.1.5 in the
forward area (Reference C.1.1682, p. 124). The Consolidated List. however,
shows only 229 badged personnel. One man from an unidentified organization also
served with TU 7.1.5, EG&G techniclans began installing equipment in early
February, and a peak force of 149 was working in the field on about 1 May.

TAUSK UNIT 7.1.6 -- RADIATION BAFETY. This task unit was the wajor radsafe
organizatlion for the joint task force. Because intensive testing was conducted
at both Bikini and Enewetak atolls, the task unit had to maintain extensive
radsafe services at both locations. When shots TEAK and ORANGE were moved to
Johnston Island, th2 task unit performed radsafe services there alseo. Chapter 2
treats the activities of TU 7.1.6 in detail.

The armed forces supplied most of the task unit personnel. The plannhed
strengths were Army, 95; Navy. 8: and Ailr Force, 12. Most sgervice personnel
were members of the Army lst Radiological Safety Support Urit (lst RS8SU) sta-
tioned at Fort McClellan, Alabama. Four LASL men and three UCRL men were at-
tached &s advilsors (Reference C.1.1682, p. 127). Totals of personnel for TU
7.1.6 as derived from issued film badges vary somewhat from this. According to
the Consolidated Ligst, 94 men were drawn from the lst RSSU, 20 from LASL, and
1 from an unidentified orgenizatiomn.

TASK UNIT 7.1.7 -~ UNITED NATIONS SHOT. CTG 7.1 reported that this unit
"bore little resemblance to the other task units® (Reference C.l1.1682, p. 124).
Its function was to conduct a sShot for observers invited by the United States
to demonstrats that the United States could design nuclear weapons that were
radlologically “clean:" that 1s, weapong in which a low proportion of thelr
vields were generated by fission. Such weapons would therefore spread less
radiologically active flasion products than devices fired during prior testing.

To be convincing, the demonstration required that the observers be given
access to the data on the total yield and the fission yield of the device. Fur-
ther, the ways in which these ylelds were measured or derived also had to be
demonstrated, which required scientifically trained observers in order to
understand the methods and the measurcments.

Observers were to be a scilentist and a press representative from each of
the 14 member nations of the UN Committee to Study the Effects of Atomic Radia-
tion. The plan called for a week's orientation at the University of California
in Berkeley, during which the nature of the measurements to be taken would be
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discussed and presumably understood by the sclentific observers. The group
would then proceed to the EPG to observe test preparations, the shot, and the
debris sampling. The group would then return to Berkeley for another wesek deo-
voted to the analysis of the data collected leading to the proof of cleanness.

Although the demonstration was cancellad on 26 July, preparations had been
made at Enewetak for the test, which was to have been called PINYON. A barge
and a backup had been prepared by H&N. Thess barges were modifications of the
usual kind used, having, among other additicons, periscopes so that observers
on the deck of the barge could inspect the bottoms of the barges. undoubtedly
to convince them that no gubstitutions were being made underwater. The test
device and 1ts backup were flown from Kirtland AFB to EPG un 4 July. These
were treturned on 5 August, a few days after the announcement of the test
cancellation.

Task Group 7.2 (Army)

TG 7.2 was the permanent garrison force in the EPG: its lineage dated back
to the inception of nuclear weapon tests at Enewetak in 1948,

TG 7.2 was the representative of CINCPAC at Enewetak between test opera-
tions and was responsible for internal military security aad ground defense
for the atoll. The HARDTACK tasks were as foliows (Reference C.2):

l. Provide for the ground aecurity of Enewetak and Bikini
atolls

2. Prevent unauthorized entry intc the exclusion area

3. Provide for the general survelllance of Enewetak and
Bikini ateolls to prevent removal cf significant samples
from shot islands by unauthorized persons and unauthorized
photography and trespassing

4. Deny entry of uncleared personnel into Enewetak and Bikini
atolls

5. Provide and operate the overall military communications
system for handling all forward area task force interatoll
and long-haul traffic (exclusive of air opeorations, air
weather, 1internal naval communicatiorns, and the TG 7.1
interatoll radio circuit)

6. Operate all base facilities at FEnewetak Island, except
those specifically allocated to CTG 7.4 and CTG 7.%

7. Provide monitoring and decontamination services

8. Conduct emergency postshot evacuation of all personnel
based on Enewetak Atoll on order of CJTF 7

9. Provide logistic support for those elements of JTF 7 based
on Enewetak Island augmented by TG 7.4

10. Provide hospital facilities for all shore-based military
personnel and emergency medical treatment for civilian
personnel on Enewetak Island.
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The task group was crganized into tﬁtee detachments, as cshown in Figure 19.

ADMINISTRATIVE DETACHMENT. Personnel of this detachment supported the
Chaplain, the Provost Marshal, and the Finance, Information, and Postal Sec-
tion. Its scheduled strength was 50 officers and 482 enlisted men during the
operational pericd. The detachment headquarters scheduled strength was 2 offi-
cers and 7 enlisted men durlng the operational period.

OPERATIONS DETACHMENT. Dutles of this detachment were administrative and
logistic support for assigned personnel., including laundry, medical, dental,
commissary. engineering, depot, gear loft, truck motor pool, and maintenance
support. Its scheduled strength was 25 offlcers and 379 enlisted men and its
headquarters strength was 2 officers and 7 enlisted men.

lst PROVISIONAL MILITARY POLICE COMPANY. This detachment consisted of 8
officers and 133 enlisted men during the operational perilod who began arriving
in increments during February 1958. This unit was responsible for maintaining
security at all sites at Enewetak and Bikini atolls. JTF 7 maintained opera-

tional control of this unit:; however, for administrative and logistic support
the unit was attached to 16 7.2,

Three additional groups. otherwise unconnected with HARDTACK, reported to
TG 7.2. The U.8. Coast Guard (USCG) operated a Loran Station on Enewetak, with
a 10~ man contingent, as a navigational aid for trans-Pacific commerce. One

JOINT TASK FORCE 7

|

COMMANDER
TASK GROUP 7.2

l
I | L

ADN.INISTRATIVE DETACHMENT
CHAPLAIN FIRST PROVISIONAL
PROVOST MARSHALL MILITARY POLICE AMERICAN RED CROSS
FINANCE
INFORMATION
POSTAL SECTION B OFFICERS 133 ENLISTED MEN 1 CIVILIAN

50 OFFICERS 482 ENLISTED MEN

QPERATIONS DETACHIENT UNITED STATES
LAUNDRY COAST GUARD ARMY --AIR FORCE
MEDICAL LORAN STATION EXCHANGE SYSTEM
DENTAL Enewetak
COMMISSARY :
ENGINEERING 1 OFFICER  QENLISTEDMFN 1OV
TRUCK
MAINTENANCT
25 OFFICERS 379 ENLISTED MEN

Figure 19. Organization of Task Group 7.2, HARDTACK.
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civilian from the American Red Cross was assigned as field director to TG 7.2.

The Army-Alr Force Exchanges System had a representative who was also assigned
to TG 7.2 (Reference B.0.1).

(it SRV o AR

)
-

The operations plan had called upon TG 7.2 to operate a boat pool for sup-
port of Enewetak operations. However, no other evidence of TG 7.2 operating

ol
=g

Source: Reference B5.0.1.

such a pool has been discovered, and it is likely that small boat support at E
Enewetak was provided by TG 7.5 or possibly TG 7.3. i
by

The locations of the personnel of TG 7.2 are given in Table 4. t
Table 4. Task Group 7.2 scheduled population at Entwetok Proving Ground, E
HARDTACK, 1958. E

>

Operational Stvength ¢

Enlisted Operational

Unit Officers Men Civiltans Location i

L

Administrative Detachment 50 482 0 Enewetak .
Operations Detachment 25 379 0 Enewetak ﬂ
Tst Provisional MP Company, o
720th MP Battalion 2 39 0 Eneu X
Aerckojlol 2

1 13 0 Eneman !

Aeroko} :

] 14 0 Bikin1 i

3 49 0 Parry P

1 9 0 Enjebt »

1 9 0] Runit i

i

USCG Loran Station 1 9 0 Enewetak l
;

American Red Cross 0 0 1 Enewetak j
4

g

Army-Air Force Exchanges :
System 0 0 1 Enewetak i
Total 84 1,003 2 ,

- 1

58




= e A - ol DA SR T N -
R TR S S L P N e i Al Al B g T T I

Task Group 7.3 {Navy) !

TG 7.3's major mission, according to TG 7.3 Op Plan 1-58 (Reference B.3.1),
was naval support of JTF 7. including an evacuation capability. This broad "
assignment encompassed the ocean transportation of JTF 7 personnel, equipment,
supplles, and nuclear devices. In addition. TG 7.3 was responsible for ensuring
the security of che EPG and protecting it from foreign intrusion, as well as
assistance with search and rescue (SAR) missions. In effect, any task or Jjob
that involved interatoll, intra-atcll, and deep—-sea operations also involved
TG 7.3. The intra-atoll marine transport responsibility was shared with TG 7.5.

The broad support mission of TG 7.3 included more than 30 distinct tasks.
Among these, the major tasks were:
l. Maintain security of the danger area

2, Provide air support for radsafe reconnalssance and barrier
patrols

3. Maintain a shipboard capabllity for emergency evacuation
of Enewetak Atoll and off-atoll stations

4. Assist CTG 7.4 in SAR missions

PTa oad TR T AT OO MRS T € N KR SWMTR 3 i s

5. Provide shipboard facilities at Bikinl for preshot evacu-
ation of personnel, boats, and other craft and helicopters

6, Provide an afloat air operatlions center (AOC) at Blkini

7. Furnish interatoll water transportation for sgpecilal wea-
pons, devices, shot barges, and other craft

8. Provide intra-atoll helicopter transportation at Bikini

i 4

"

5 4L

4

9. Provide ship-to-shore transportatlon at both atolls

7
e

§
£

=
L ¢ -EINLARL S Lt b T .~ T Y]

10. Provide weather information and data to JTF 7 Weather Cen-—
tral at designated times

11. Furnish Marine Corps security guards for weapons and
devices

e .

<
i
g TR

12. Conduct all diving operations in the BPG

o S

13, Furnish platforms afloat for sclentific projects

g p
A d 3

LY
I

14, Conduct postshot recovery operations to retrileve objects
from the water for dlagnostic and effects measurements

AL
"

15, Conduct marine salvage operations.

B

o The units assigned to TG 7.3 by March 1958 totalled 52 ships, 33 fixed-wing
& alrcrafr, 15 helicopters, 38 small craft, and 13 service craft. Avallable rec-
. g, ords on the number of participating Navy personnel conflict. The final report
—_ of CJITF 7 (Reference C.0.1) gave the peak Navy personnel strength as 6,487 (599
”“*“ﬁz officers and 5,888 enlisted men) out of a total of 10,233 military personnel
' e and 4,239 civilians. The final report of CIG 7.3 (Reference C.3.1) set the Navy
= peak strength at 6,822, and the number of participating Navy personnel present
F} throughout the operational phase totaled 9,178.
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CTG 7.3, during the actual test phase cf HARDTACK, organized his staff into
seven divisions, two of which (the Technical Director [N-6] and the Special
Projects Division) were primarily responsible for activities connected with
shots WAHOO and UMBRELLA. Ship movement and harbor control at Bikinl and Ene-
wetak were exercised by the Senior Officer Present aAfloat (Administration)
{SCPA [Admin]) at each atoll,

Filgure 20 shows the planned nine operational task units and one preopera-
tiona. testing unit of the TG 7.3 organization (Reference C.3.l1). Because of
the complexity of operations, however, and the hectic pace of events, the
figure does not reflect how 1t was actually organized during the operational
phase. TG 7.3 organization varied from shot to shot, depending on the requlre-
ments for the individual shots and the ships present.

¢ 7.3 task units and thelr supporting task elements were established to
conduct all of the Navy's imporiant missions during HARDTACK. including support
for sclentiflc projects, helicopter 1ift, surface and air security, radioclogi-
cal reconnaissance flights following shots, and both interatoll and intra-atoll
surface transportation. As in past operations, Navy ships were also assigned
to evacuate personnel during high-yleld detonations.

Most TG 7.3 personnel and ships were concentrated in three task units at
Enewetak: TU 7.3.1, the Technical Coordinating Unit; TU 7.3.2, the Enewetak
Operating Unit; and TU 7.3.3, the Surface Weather Reconnalssance and Security
Unit. ships at Enewetak wer2: six fleet ocean tugs, two salvage ships, one sub-
marine rescue >hip, all target ships, one repalr ship, three destroyers, one
dock landing ship (LSD), and an attack transport. Fuel requirements at Enewetak
were largely handled by the oil storage barge, YOS8-32. The large number of na-
val vessels grew out of the demand for mooring the target arrays for the under-
water shots. The repair ship was stationed at Enewetak to make it available to
the greatest number of ships. The attack transport was for emergency evacuation
from Enewetak Atoll, as well as sea-basad decontamination facilities.

For most of the time, the forces at Bikial were Boxer. USS Cacapon (A0~52),
one assigned destroyer., and USNS Fred C. Ainsworth (T-AP-181). Plans were also
made that one dock landing ship, USS Belle Grove (LSD-2), be stationed at Bi-
kini. but the requirements for preparing the site at Johnston Island for TERK
and ORANGE necessitated reassignment of Belle Grove to support the buildup of
that location. TU 7.3.9. the Blkini Evacuation Unit. absorbed all ships that
happened to be at Bikini when a shot was detonated. TU 7.3.5 (whose official
composition was "As Assigned") served as the organizational component activated
for special operations, such as required for shots YUCCA, WAHOO, UMBRELLA,
TEAK., and ORANGE. Some of the task units were composed of several task elements
that had specific operational responsihilities (Reference C.3.1).

Although this organizational scheme originally was designed to cover all
of the Navy's responsibllities during HARDTACK. actual naval operations during
the tesi serles were conducted gquite differently. The changing nature of
HARDTACK, caused by the additlon and deletlon of several shots and projects,
tended to erode this organizational struccture. As a result, “there was & more
or less natural division of forces" (Reference C.3.l1) and the task group orga-
nization during the operation was quite fluld, with the composition and duties
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of task units and elements changing frequently. An example of the changing or-—
ganizaticonal structure is TU 7.3.5, which began the operation designated as
“Naval Station Unit, Kwajalein,” then evolved into a miscellaneous unit that
operated “"As Assligned,” and finished its participation in HARDTACK as the
"Johnston Island Unit.” CTG 7.3 recognized the changes in his staff's plans
for HARDTACK when the actual operations got underway. He wrote in his final
report that organ.z~.ion would have been greatly simplified by having task
units based upon location; that 1is, Enewetak, Bikini, and Kwajalein, with an
added unit to handle the test preparations for the underwater sghots.

Table 5 lists the naval elements involved and their functions.

Task Group 7.4 (Air Force)

The Alr Force support group was made up of three subordinate units: the
Test Alrcraft Unit (TAU), the Test Base Unit (TBU), and the Test Services Unit
(TSU) (see Figure 2l). The primary mission of TG 7.4 was to support and control
the aircraft necessary to collect and record data required by the test program
and as directed by CJTF 7. CTG 7.4 exercised operational control of all air-
craft airborne in the Enewetak Air Control Area. The missions of the task group
inciuded the following:

1. Provide airbase facilitles at Enewetak and Bikini
2. Provide an interatoll alr transportation facility

3. Provide a helicopter and liaison aircraft interisland air
transportation facility at Enewetak and Bikinl atolls
(Marine Helicopter Transport Squadron [Light] 361, HMR{L]-
361, took over the Bikinl functions as the serlies began)

4. Provide weather reconnaissance and forecasting service

5. Provide SAR facllitles within the Air Control Area of the
EPG

6. Augment tactical and administrative communications
7. Operate aircraft control system on Enewetak Island

8. Provide aircraft for resupply of weather and project
islands

9. Supervise operation of a field maintenance system 2and
supply activities on Enewetak.

In addition to the primary missions of TG 7.4, its subordinate unlts also
had specific tasks assigned to them.

TEST AIRCRAFT UNIT. The Commander., TAU, exercised control over all TARU
aircraft and administered personnel assigned or attached to the TAU. The tasks
of the TAU included:

l. Supervise the general and speclalized crew briefings for
asrcraft crews invelved in the test operation

2. Prepare takeoff schedules and position times for all air-
craft flying on sheot and rehearsal days
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Table 5. Task Group 7.3 component functions and complements, Operation
HARDTACK, Aprtl to August 1958.

Unit

Number
of Mand

Function/Comments

U§S De Haven {DD-727)
Uss Eikharn {ADG-7)
Uss Epperson (DBE-719}
Fyllam (DB-474)b

USS Grasp {ARS-24)

USS Hitchitl {ATF-103)°

§S Hooper lan
{ARG-17)

Howorth (DD-592)P
Uss Jovce (DER-317)
USS Karts, {AF-33)
Killen {2D-5433

USS Lansing (DER-388)

U§S Lawrence County
{LST-8B7)

USS Magoffin (APA-19%)
USS Mansfield (DD-728)

USS Merapt (AF-38)
UUSS Moctobt (ATF-10§)

USS Monticello (LS0-35)

$§ Michael Horan (EC-2)P
USS Munsee (ATF_107)
USS Navarro (APA-215)

USS Nemasket (AOG-10}

242

33

81

as

400

160

93

191

34

256

90

&8

30

&4

s

B2

Weather, SAR; scientific projects

Supplied petroleum, ¢i! and lubricants {POL}
Jonns‘on Isiand scientific projects

Target ship for shots WAHOO and UMBRELLA

Positioned, moored, decontaminated, salvaged target ships;
sctantific prejacts

Setentific project 4.1, shot TEAK enly,

Spectal services to target ships, esvacuation ship, decontaminateqd
Bonita (S5K-3)

Target ship for shots WAHDO and UMBRELLA
SAR, sclentific project

Transpertation, logistic support

Targel ship for shot WAHOO and UMBRELLA
SAR; scientific prolects

Provided diesel fuel, berthed and messed JTF 7 personnel, sclen-
tific project

Transportation of personnzl, decontamination center

Weather observations, SAR assignments, flagship Commander
Destroyer Squadron Nine

Transportation and logistic support
Positioned, moored, and salvaged target arrays; water ccllection

Transport of LCUs, shot devices; operational support to Boat Pool
Detachment: nosecone recovery

Target ship for shots WAHOO and UMBRELLA
Moored scientific project vecsels

Transportation, evacuation capability, decontamination center

Fuel carrier

Notes:

aNumber of men is the greatest of CTG 7.3 Final Report (Reference C.3.1) or Ship Roster, or number
badged on Consplidated List (Reference C.1.56.3).

bFuI]am. Howorth, and Killen were not in commisston status, hence are not Ydentified as United States
Ships (USY)}. They had been withdrawn from the Reserve Fleet Group, Long Beach, Caltfornya, for
HARDTACK. Michagl Moran was a moth-balled Liberty ship until removed from the Maritime Adminisira
tion Reserve Fleet at Suisun Bay, Caltfornt2, for use tn HARDTACK.

CShip's complement flgure from Dictonary of American Waval Fighting Snips.

{continyed)
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Table 5. -Task'Group 7.3 component functions and complements,

Operation

HARDTACK, April to August 1958 (coniinued).

unit

Number
of Mend

function‘Comnents

Commander, Destroyer
Squadron One

Commander, Destroyer
Sguadren Nine

CTG 7.3 and staff

NS_F ¢
(T-AP-181)

USS Arikarg (AIF-38)

Ugs Belilm Grove (L.S0-2)

Yss Qenner (DDR-207)

4SS Belster (ARS-.3B)

Bonite (SSk-3)P
USS _Goxgr, (CVS-21)

13

14

88

185

70

286

268

85

51

1,100

87

Marine Helicoptar Transport

Squadron (Light) 351

USS _Cacapen (A0-52)

Uss Chanticlaer (ASR-7)

Chowanog (ATF-100)

USS Cogswell (DD-651)
Uss _Collett (00.730)
U3s Comstock (L5D-19)

USS Jobhn R. Cratg
{0D-88B5)

USS Cree {ATF -84}

168

220

101

68

237

263

233

241

62

Weather observetions, assigned destroyers’ tasks, administrative
functions

Relieved Commander Destroyer Squadron Cne on 16 May

Handled surface ships, submarines, and Navy aitrcraft

Hotel ship, command post TG 7.5, floating administration and
communications center

Posttionod, moored, decontaminated, and salvaged target arrays;
collectad water samplec

Transported LCUs between Pearl Harbor, sohnston Island, Enewetzk,
Bikint

Wozther observation; search and rexcue (SAR); nosecone recovery,
Air Operations Center, BYfiny; ucted as Senilor Officer Present
Afloat (Adninistration) Biking

Mocred, positioned and salvaged target arrays, recovered instru-
ments for scientific project

Target vessel “or scientific projects
Command ship, CITF 7, CTG 7.3, C¥G 7.1, CY6 7.4, and A‘lr Opera-

tions Center; invoived in sclentific projects; launched YUCCA
balloon; carried nuclear devices

U.S. Marine Corps detachment; nuclear device security

Ship.to-shore helicopter service

Supplied fuel and aviation gasoline at 81kini, Enewetak, Johnston
Istand

Moor ing and diving astivities

Posttioned, retrieved target ships; moored YCs; involved in
sctientific projects

Johnston Island scientific projects
Secur ity patrols, weather, SAR, oceanographic cbservations
Prepperational phase:

ferrted LCUs beiween Bikint and frewetak

Surface security, weather, SAR; scientific project

Moored, salvaged target arrays

Note:

3
Number of men 1s ithe greatest of CTG 7.3 final Report (Reference C.3.1) or Ship Roster, or number
badged on Consglidatsd List (Reference 1.6.3).

bgonita's Navy statu:
States Ship (USSY.

was Yout of commission,

in service;" hence, 1t 15 not jdentified as a United

{continued)
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Table 5. Task Group 7.3 component functions and complements, Operation g
HARDTACK, #4pril to August 1958 (continued). o

LY

T

-

Number v

Unit of Mend Ffunciion/Comments .

UsS Grieck {DL-B886} 245 Weather, SAR, antisubmarine watches, nosecone recovery pay
USS Floyd B. Parks 237 Surface zecurtly patrols, weather observations, SAR g
{00284} ?:
v

488 Perkinsg (DDR-B77) 2345 Weather observations, surface secyrity patrols, $4AR, escort for :‘
YUCCA ballaor. launch ship "

YSE Rehoboth /AGS-50) 164  Oceznographic surveys, scientific projects ;:
4SS Renville (&PA.227) 330 Floating radsate decontamination center é?
.

USsS _Safeqguard {ARS-25) T2  Recoverad radgioaciive nosecones from TEAK, ORANGE shots i;
Rl

USS $ilverstein (OE~53¢)5 222 Postoperational: collected water samples to measure radiocactivity [
V=

-

YSS Sterlet (5S-3%2, 83  Target submartae for shot WAHDO :
USNS T-18T-618 52 Moved heavy consirdction equipment and matertal; smergency "
avacuation ship; rollyp of waather islands v

-4 8T~ 47 Transported heavy construction eguipment; emergency evacuation i’

ship; rollup of weather 1siands Li

I

USS Takelma (ATF-113) 81 Positioned, recovered, decontaminated target arrays; l1atd moors; il
scientific projects ﬁ

Uss Tiligmook (ATA-192) as Towed YOGN-115 and YB-1! to Pear! Harbor from Johnston Island .g
*

USS Tombigbee {AOG-11) 76  Supplied vartous fuels £
$8 T (LSe.26)P 326 Preoperational: shuttled men. material between Enewetak, Bikint ;?
Al
8ikint Boat Pool Eiement 2217 Boat Pool support at 61kint, interatoll Jifts ‘;
. ‘gf TG 7.3 Boat Pool Detachment 209 Supported movement of project personnel and equipment to and from -

M ot

by underwater target arrays

Kwajalein Naval Air Station 22 Transported VIP observers to the EPG

T
'Y Special Projects Untt 164 Prepared target vessels, brought ships to EPG, moored target
B vessels
!
' % Explosive Ordnance 6 Laid four mine fields for sclentific prolect 6.7, condiucted e
e Disposal Unit 1 diving operattons ﬁﬁ
Mine Detail Augmenting {:
sy unit 0302 18 Support for mir? project tn UMBRELLA, recovered mines :“
9 Patrol Squadron 22 154 Detected, warned, and escorted unauthorized craft out of the }5
b danger area; collected scientific data; radtolegtcal surveys; -
P Patrol Squadron 28 3re SAR; nosecone recovery o
i i

; VA-10, Detachment A 20
1 VM_2, Detachment A 13 g::z:;::g Alr Force operations at Johnston Island recovering
VH-1, Detachment A 13
rerierd] Hotes: .
Y; a =
™ Number of men is the greatest of CTG 7.3 Final Report (Reference C.3.1) or Ship Roster, or number

badged on Consolidated L1st (Raference C.1.6.3).
g h
- i Shins's complement figure from Dictonary of American Naval ‘tghting Ships.
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1 FLYING SAFETY OFFICER FLIGHT SURGEON LEGAL QOFFICER l

| 1 | |

! DIRECTOR OF PERSONNEL DIRECTOR OF DIRECTOR OF l

i AND ADMINISTRATION OPERATIONS MATERIAL l

- ]

{ 1
TEST BASE UNIT TEST SERVICES UNIT TEST AIRCRAFT UNIT

ADMINISTRATION SEARCH AND RESCUE | | | | WEATHER CLOUD SAMPLING | _| |AIR FORCE EFFECTS

- ELEMENT ELEMENT CELEMEfé‘. ELEMENT ELEMENT

OPERATIONS WEATHER REPORTING COMMUNICATIONS UHA/VHA [ nAvY EFFECTS

B ELEMENT ELEMENT T FLEMENT AIRCRAFT ELEMENT ELEMENT
L] maTERIAL WEATHER CENTRAL | | | TERMINAL HEADOUARTERS | | | @ e CenTER
ELEMENT ELEMENT ELEMENT ELEMENT AIRt FORGE ELEMENT]

DOCUMENTARY | | | AERIAL PHOTOGRARHY
PHOTOGRAPHY ELEMENT ELEMENT

Figure 21. Organtzation of Task Group 7 °, HARDTACK.

3. Assist TG 7.1 in preparing cloud samples for shipment

4. Provide radiological monitors for special flights partici-
pating 1n test array

5. Provide an ailr evacuation capability using all ailrcraft
assigned and attached to the TAU.

The TAU was subdivided into seven elements that carried out these assigned
tasks.

Cloud Sampling Element. The 4926th Test Squadron (Sampling), Alr Force
Special Weapons Center (AFSWC), Kirtland AFB, augmented by personnel from the
4025th Strateglc Reconnaissance Squadron of the 408(0th Strategic Reconnalssance
wWing. Strategic Alr Command (SAC), made up the cloud sampling element. This
element operated and maintailned ten AFSWC B-57B aircraft and six SAC B-57D air-
craft. Its mission was to collect the particuliste and gasecus samples required
by the AEC laboratories and Hgq USAF. In addition, it also performed alrcraft
and persohnel decontamination, provided radsafe devices, established radsafe
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procedures, 2uad maintained master records of radiatlon exposures for sampler
craws and personnel connected with removal of cloud samples from aircraft.

KA~ 4 RN

Alr Porce Effects Element. Thils element was manned, trained. and equipped :“‘_a
by Wright Air Development Center (WADC). It provided, operated, and maintained o
one B~52 aircraft. :}"
T~
Navy Effects Element. This element was manned, trained, and equipped by :@
Naval Alr Speclal Weapons Facllity (NASWF). It operated and maintained two ,.“
F4-Js, two R4ADs, and one P2V aircraft in support of Navy Bureau of Aeronautics t§
projects. C
Wi

SAC Irdirect Bomb Damage Assessment (IBDA) Element. This element was man-

Lol

ned, trained, and equipped by SAC and operated from Anderson AFB, Guam. A SAC
liaison officer attached to the TAU coordinated its activitles and participa-
tion. The IEDA element operated B-47 alrcraft under the operational control of
TG 7.4 when in the Enewetak Air Control Area.

e
=

Sl pel g

m‘ o
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High-Altitude Shot Aircraft Elemerit. The 4928th Test 3Squadron (Atomic).
Kirtiand AFS, a subordinate unit of the 4925th Test Group and cof AFSWC, was
the specific unit involved with the high-altitude shot aircraft element. This
element was manned, trained., and equipped by AFSWC. It maintained and operated

two RB~36 aircraft to support technical projects during YUCCA, TEAK, and
ORANGE .

o
At
e

LT

PR

A

=5 10k

Ionosphere Element. The 224th Operations Group from L.G. Hanscom Fleld
manned the aircraft for the Alr Force Cambridge Research Center (AFCRC). This
element was manned, trained, and equipped by AFCRC. It operated one C-97 air-
craft in support of ionospheric studies.

v l" l“,!‘k

s
*,

: {3

Fl

Hq USAF Element. This element was manned, trained, and equipped by HqQ USAF
and perforwed test detection studles.

b

i ',’, THEST BASE UNIT. The TBU was manned, tralned, and equipped by AFSWC, using ’:,'_:

‘ ;4! the resources of the 495lst Support Squadron (Test) at Enewetak and the 4952nd "

,',, Support Squadron, Kirtland AFB (personnel augmentation only). Two C-54s, eight e

1.-208. and three L-195 (on loan from the Army) were assigned to the 495l1st. o

- Pacific Alr Forces (PacAF) provided three C-54 ajrcraft and supporting person- t’

% nel of the interatoll airlift facility operated by the TBU. PacAF also provided :‘_;

3 a Hellcopter Element composed of 15 alrcraft and supporting personnel that were .f":.

X attached to the TBU. The primary areas of responsibility of the TBU were to: te

! e

o 1. Operate airbase facilities at Enewetak and Bikini, includ- o)
- ing supply., POL, crash rescue, firefighting, refueling, ;

g‘ base operations, and interatoll air freight terminals .

" 2, Operate an interatoll ailrlift system servicing Enewetak, ::::-

3 Bikini, and other islands and atolls, with aerial photo ol

. C-54 aircraft assigned to the TSU assisting when required .

_«_' z‘" 3. @Qperate an interisland airlift svstem at Enewetak 'i;"

=

’
"?’I.

4. Operate a helicopter and lialson aircraft interisland air-
lifr system at Bikini (hellcopter missions to be performed
. by HMR[L]-361)

'y

£

K
“‘A' . l.{l’
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5. Bstablish and operate a field maintenance system augmented
by maintenance personnel from other units and elements of
the task group

6. Maintain an air evacuation capability, using all aircraft
agssigned and attached to the TBU

7. Provide helicopters as required to the Commander TSU for
SAR alert

8. Provide various support functions at Enewetak Island.

TEST SERVICEE UNIT. The TS8U and its assigned elements were manned, trained,
and equipped by the Military Air Transport Service (MAT3). The tasks assigned
to the TSU were to:

1. Provide weather, communications., SAR, photographic, and
air transport support

2. Provide maintenance personnel to augment the field nmain-
tenance system

3. Provide an air evacuation capability using all aircraft
assigned or attached to the TSU

4. Coordinate with the TBU in scheduling Hqg TG 7.4 and JTF 7
rated personnel for flying TSU aircraft to maintain
proficiency.

The elements of the TSU that carried out its missions are described below.

Search and Rescue Element. The SAR Element operatsed and maintained seven
amphibious 8A-16 aircraft for air rescue and weather~ and project-island re-
supply support missions.

Weather Reporting Element. The Weather Reporting Element operated the EBne—
wetak Weather Station, maintained rawinsonde and surface observation stations

at the weather islands and furnished personnel and equipment for four surface
and two weather balloon observations daily at the radsafe stations at Ujelang.
Wotho, and Rongelap atolls. Alrcrew preshot weather briefings wer:: prepared
and presented to TG 7.4 aircrews by briefing officers of the Enewetak Wesiner
Station.

Yeather Reconnalssance Element. The Weather Reconnaissance Element operated

and maintained ten WB-50 aircraft for weather and typhoon reconnaissance, low-
altitude particulate sampling, and postshot cloud tracking, as required. The
WB-50s functioned as backup sampler control aircraft.

Communications Element. The Communications Element provided Alrways and
Alr Communications Service and navigational aids to the joint task force as
required. It manned and operated weather/radsafe communications stations at
Utirik, Tarawa, Kapingamarangi. Ujelang, Wotho, and Rongelap atolls, and Nauru
and Kusaje islands.

Weather Central Element. The Weather Central Element, under the operational
control of Hqg JTF 7, supported the task force with weather forecasts and other
special weather data.
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MATS Terminal Element. The MATS Terminal Element administered and operated
of the MATS terminal at Enewetak and provided limited maintenance for transient
MATS aircraft.

Technical Photography Element. The Technical Photography Element comprised
two RB-50 aircraft, gupporting personiel, photographers, s&snd photographic
equipment to support the technical photography requirements of CJTF 7.

Aerial Photography Element. The Aerial Photography Element comprised three
C-54 aircraft and supporting personriel and supported the TBU airlift effort as
directed by CTG 7.4.

t t. The Documentary Photography Element (Look-
out Mountain Laboratory) comprised personnel and equipment to support the doc-
umentary photograpiy requirements of JTF 7. It also assisted with technical
photography as directed.

Task Group 7.5 {Base Support)

% 6 7.5 was an organizational convenience to integrate the civilian con-
tractor (H&N) that operated the EPG for the AEC into the militarily structured
Joint task force. H&N was directed in the EPG by the ABC Albuquerque Operations

< Office, which provided the commander for TG 7.5 during the periods of testing,
o when H&N became TG 7.5.
p H&N had acted as the AEC Architect~-Engineer-Construction-Management con-
. tractor at the EPG since the GREENHOUSE test serles in 1951. H&N activitles

were continuous during these years. There were only a relatively few months
Y that H&N had fewer than 1,000 employees at the EPG; the average from 1953 to
3’ 1958 was much higher (Reference C.5.2). H&N functions were to build and main- \
- tain the scientific stations required by the tests as well as the required
% support facilities for housing. transportation, supply, recreation, communica-
A tions,. etc. In sowe of these areas., the activities supplemented and comple-— :
§ mented military activitieg, especially those support functions that had been |
X provided by TG 7.2 on Enewetak Island. But the scope of the activities of ;
g TG 7.2, the continuing military presence in the EPG, had been shrinking over :
* the vyears as HEN progressively tooX over 1its functions, such as stevedoring
and construction. Finally, during HARDTACK, H&N even provided the personnel :
; for the Consolidated Mess Hall on Enewetak, replacing the Army and Alr Force !
- % enlisted personnel who had been assigned mess hall dutles. '
o H

Peak TG 7.5 population during HARDTACK was 3,158 on 9 April 1958. Most of ;
the TG 7.5 personnel were on Parry (1,858) and Eneu (643). The rest were in !
the camps on Enjebi and Runit islands at Enewetak Atoll and Bikini, Rerokjlol.

" and Aomen islands at Bikini Atoll. After Johnston Island was included in

% HARDTACK operations, a contingent of about 800 worked there. H&N was also

; responsible for construction of weather stations at various islands in the ‘
* Mazshalls. .

P
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# Preshot radsafe activities of weather monitoring and pre-
diction, fallout prediction, danger area surveys., aad per-
sonnel evacuation procedures are discussed

e

P
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CHAPTER 2 o

RADIOLOGICAL SAFETY N

.

.

2

%

Radiclogical safety (radsafe) matters for all military and civilian task E
force personnel in HARDTACK was a command responsibility; that 1is., commanders ,{
at all levels were responsible for thelr own men under directives from higher f;:
command. This basic concept had been foiiowed in the previous test series. v
However., each task group was also assigned radsafe duties for the benefit of %
the task group as a whole. =
The discussion of radiological safety for HARDTACK in this chapter 1is as t
follows: t:
® The orqanization of the radsafe program and the assigned ﬁ
responsibilities of the various commands are described 3

® Criteria and standards for limiting personnel exposure to
lonizing radiation are given and discussed, and the dosim- .

etry program 1s described §

® Plans and preparations are discussed, including personnel t
training, onsite facllitles, radiac instruments, and prep- 5

arations at Johnston Island !

& Offsite and onsite radiation monitoring and control are 0
discussed. including offsite manned and unmanned monitor- t

ing statlons. cloud tracking., marine surveys, onsite radio-

logical exclusion (radex) areas, general monitoring and \

control procedures, and fallout protection measures i

® Postshot radsafe activities are described, including re-

entry and recovery. cloud sampling, radiochemical samples, j
and decontamination. i

ORGANIZATION AND RESPONSIBILITIES

HARDTACK radiological safety and organization is defined in Annex K of JTF
7. 0p Plan 1-58 (reproduced in Appendix R of this report). Commander .Joint Task
Force 7 (CJTF 7) was to “assume overall responsibility for the radiological
safety of task force personnel and of populated islands." To carry out this
respongibility, the JTF 7 operation plan further directed the establishment of
a Fallout Plotting Center (FOPC) and a capabllity to keep the task force and
the Commander in Chief, Pacific (CINCPAC) informned of the fallout situation at
all times, including the announcermunt of safe reentry times. Fallout stations
we.'e to be set up and technlcal assistance given to personnel in the Trust
Territory of the Pacific Islands. Monitors and courlers were to be provided
for radicactive sample centers (see Appendix A).
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In addition, the operation plan directed task group commanders to establish
radsafe units within the task groups with adequate special clothing and radiac
instrumentation. The task groups were also to provide a roster of their per—
sonnel for £ilm badge preparation (Appendlix A).

The radsafe program for Operation HARDTACK was divided into two parts: on-
site and offsite. Onslte radsafe activities were conducted by the various task
groups, with Task Group (TG) 7.1 given the responsibility for all radsafe func-
tions associated with diagnostic experimenta)l programs and for dosimetry and
other technical services to the entire task force. Operation of the offsite
program and the coordinatlon of the onsite activities were conducted by the
Radsafe Office of Hq JTF 7.

Radsafe Office

Radiological safety regulations were appended to the JTF 7 Radsafe Annex
(see Appendix A). These regulations called for establishing a Radsafe Offilce
and a Radsafe Center. The Radsafe Offlice consisted of the task force Radsafe
Section, the Fallout Prediction Unit (FOPU), and the FOPC. It was the task
force agency responsible for offsite radsafe programs and maintaining displays
of radiological condi:ions. It digseminated information on the air and surface
radex areas based on information generated by the FOPU. These predictions are
presented in Chapters 4 and 5 of this report. Locatlion of the office was at
JTF 7 Headquarters on Parry Island, Enewetak.

Radsafe Center

The Radsafe Center’'s activities were focused on the shot atoll. The center
provided information on the radiological situation for scientific working par-
ties, set up checkpoints, and controlled reentry operations. At Bikinl. it was
located in Building 196 on Eneu Island except when the atoll was evacuated,
when it moved to USS Boxer (CVS-21). At Enewetak, it was in Bullding 322 on
Parry Island.

Task Group 7.1 (Scientific)

Although onsite radiological safety was a command responsibility, TG 7.1
wag charged with the major onsite recovery operation functions. The JTF 7 op-
eration plan (see Appendix A) specified that CTG 7.1 conduct the initial post-
shot radsafe and damage survey and prepare situation maps. CTG 7.1 was also to
perform all monitoring associated with scientific missions. except aerilal mon-
itoring and monitoring the aircraft used to collect samples.

CTG 7.1 was to provide laboratory services and technical assistance to all
task groups, Including film badges, radsafe equipment, recording of exposutres,
and radiochemical analysis. TG 7.1 technical personnel were to assist task
group commanders 1in the inspection of radlologically contaminated items, and
maintalin close liaison with CTG 7.5 on all radsafe matters of mutual interest.

CTG 7.1 directed Task Unit (TU) 7.1.6 to provide the necessary radsafe

support for onsite operations. The radsafe missions of TU 7.1.6 were to (Ref-
erence C.1.1685)
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e Perform all ground amnd aerial monitoring services associ-
ated with the scientific mission except those in conjunc-
tion with aircraft and airborne collection of sclentific
data; assist TG 7.5 radsafe organization during the opera-
tional phase

® Provide all laboratory and technical asslistance to all
task groups

@ Provide all official personnel dosimetry services

@ Issue and maintain monitoring instruments and protective
clothing as required

® Supply decontamination facilities for personnel, vehicles,
and e<juipwent.

The organization i1s shown 1in Figure 22. Because both atolls were being
used for testing at the same time., independent radsafe organizations were es-—
tablished at Bikinl and Enewetak, with overall control maintalined by CTU 7.1.6.
The organization at each atoll was similar, wvarying only in the number of per-
sonnel assigned to the various sections. Each organization contained the fol-
lowing seven sections (Reference C.1.1685):

® Dosimetry and Records Section for maintalining personnel
dosimetry records

@ Plotting and Briefing Section for conducting all radiclog-
ical surveys and briefing all personnel going into radex
areas

® Monitor Section for providing all monitoring services and
manning checkpoints

@ Supply Section for providing radsafe supplies and laundry
services using the laundry faclilities furnighed by 16 7.5

& Decontamination Section for operating facilitlies for per-
sonnel and equipment decontamination

® Instrument Repalr Section for maintalining radsafe instru-
ments

® Laboratory section for determining the amount of radilo-
activity in soll, water, air, and food samples.

Radsafe functions, with the exception of staff and supervisory functions
and those assigned to TU 7.1.6, were performed as an additional duty by per-
sonnel of the various task groups. Since TU 7.1.6 was designated the major
radsafe unit for onsite operations and given the responsibility for centralized
and highly technical services, 1t was necessary to obtaln trained techniclans.
Personnel for manning TU 7.1.6 were obtaired from the services, mostly from
the lst Radiclogical BSafety Support Unit (RS88SU), an Army Chemical Corps unit
stationed at Ft. McClellan, Alabama. Advisors were furnished by the Atomic
Enerqy Commission (ABEC) laboratorles. The following 1is a breakdown of the
total personnel in T9 7.1.6 e&s given by CTU 7.1.6 in his report (Reference
C.1.1685%5):
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® Army —— 95 officers and enlisted men

® Navy -- 8 officers and enlisted men

@ Alr Force -— 12 offilcers and enlisted men

¢ Los Alamos Scientific Laboratory (LASL) - 4 civilian
health physicists

& University of California Radiation Laboratory (UCRL) -~ 3

civlilian heaith physicists,

Total personunel for TU 7.1.6 as derived from is3sued film badges differs
slightly from this,

At the start of the operation, TU 7.1.6 Enewetak organizational strength
was 55; that ar Blkinl, 45. The total, a reduction of 15 from the number used
during Operation REDWING, was further reduced to 78 by mid-operation, a direct
result of acquiring equipment that greatly reduced the manual processes 1ip-
volved in reading personnel film badges and posting the results (Reference
C.1.1685).

Task Group 7.2 {(Army)

Radiological duties of TG 7.2 were not as extensive as those of the other
task groups. CIG 7.2 was responsible for maintaining a fallout plot displaying
radiation intensitles on Enewetak Island. TG 7.2 also had a contaminated cloth-
ing laundry faclility for itself and TG 7.4 on Enewetak Island. TG 7.2 selected
and trained ground monitor teams and decontamination personnel and established
storage arees for miscellaneous contaminated equipment on Enewetak.

Task Group 7.3 (Navy)

TG 7.3 was responsible for emergency evacuation capability of all task
force personnel as well as shipboard space for a G /.1 r>dsafe operations cen~
ter (Reference B.0.l). TG 7.3 decontaminited aircraft at Bikini, and its ships
gathered weather information for fallout prediction. It was responsible for
radiological safety of embarked task force personnel during periods the Joint
task force was afloat. TG 7.3 provided monitors. decontamination crews, and
decontamination facilitlies aboard each ship within the task group as well as
monitors on each IG 7.3 multiengine ailrcraft. It equipped all vessels likely
to be in the fallout area with water-spray (washdown) equipment and collected
lagoon water samples, when and as directed. Through Marine Helicopter Transport
sSquadron (Light) 361 (HMR[L]-361), TG 7.3 provided helicopter service for ra-
diological surveys and postshot recovery operations at Bikini, although the
monitors were furnished by TG 7.1. Patrol Squadron 28 (vP-28), with a four-
plane detachment from Patrcl Squadron 22 (VP-22) flew radiological reconnals-
sance missions in the vicinity of the task force fleet and shot atoll and
postshot radiological surveys of the northern Marshall Islands.

CTG 7.3 designated Boxer as the command center for afloat activities and
directed that Boyer provide TG 7.1 with cfflice space and space and facilitles
for personnel decontamination (Reference B.0.l, Annex G). Facilities for TG 7.3
radiac instrument repalir and issue were another requirement. Space, facilitles,
and assistance were provided for the shipboard decontamination of HMR(L)-361
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helicopters and facilitles for the shipboard decontamination of all other air-
craft at Bikinl Atoll on an emergency basis.
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The planned scientific program for the two underwater shotg (WAHOO and
UMBRELLA) required special radsafe considerations for early recovery of sclien-
tific data from contaminated ships. In addition, the whole target array would
have to ke moved after the first shot and repaired for the second underwater
shot. Finally. all mooring hardware would have to be picked up &an.d, when re-—
quired., decontaminated. To assist this program, a speclal unit composed of
1l officer and 200 enlisted men was established as the Radiological Safety and
Pecontamination Unit for TG 7.3.
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Task Group 7.4 {Air Force)

TG 7.4 had extensive radsafe responsibilitles. TG 7.4 conductesd weather
reconnalssance flights and manned and supplied weather and radsafe mon?toring
stations at Utirik, Tarawa, Kapingamarangl, Ujelang, wotho, and '"ongelap
atolls, and Nauru and Kusale islands.

g

TG 7.4 also flew cloud-sampling and cloud-tracking missions. It was respon-
sible for removal of the samples collected and placement of samples on special
sample~return aircraft for shipment to laboratories in the United States. This
sample packaging and shipment required special controls and monitoring and
created significant radiation hazards to TG 7.4 personnel. In fact, persons in
this operation were authorized a special radiation exposure limit of 10 R dur-
ing HARDTACK bpecause thelr exposures were accumulating rapidly. TG 7.4 also
operated aircraft and personnel decontamination centers on Enewetak Island for
1ts alrcraft and personnel. A radsafe monitor was required on each multiengine
alrcraft. TG 7.4 was responsible for helicopter and liaison flights for radilo-

R‘ logical surveys and postshot recovery operations at Enewetak Atoll. Monitors
©hY for these flights were furnished by TG 7.1.

‘%f The TG 7.4 Nuclear Research Officer (NRQO) was established as the focal
X point for TG 7.4 radlological safety (Reference B.4.2, Anrex B, Appendix 5).
3} He was to advise CTG 7.4 on radsafe matters and monitor TG 7.4 radsafe opera-
. tions, which were divided among the Test Aircraft Unit (TAU). the Test Base

unit (TBU). and the Test Services Unit (T8U). The TAU flew the B-57 cloud-
sampling alrcraft. accomplished all monitoring on Enewetak airfileld, removed,

B packaged, and shipped radloactive samples to laboratorles in the United States, ::j:!‘
¥ operated the alrcraft and personnel decontamination centers at Enewetak, and
: controlled film badge issue within TG 7.4. The TBU assisted in decontamination e
‘ operations. provided alrcraft and crews to accomplish radlation surveys and ::-"_3}
' postshot data-recovery operations at Enevetak, and maintained duty rosters (of ="-_§

all TG 7.4 personnel) for decontamination crews and for radiation monitoring

! teans., The TSU provided cloud-tracking aircraft for postshot radsafe falleout Y
‘-’ information and supported Project 2.88 with WB-50 clouc-sampling alrcraft. -.ﬂ
" ' The TSU was to train an adequate number of persoanel from each island ~-::3
s weather station as radiological monitors and provide and maintain a minimum of f“---"!
-

. twe AN/PDR-3Q and thiee AN/PDR-Z7C radiac instruments for each weather station

(Reference B.4.2, Tab A).
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Task Group 7.5 (Base Support) o

The radsafe personnel of the AEC and its contractor, Holmes & Narver. Inc. .
(HsN), functioned as an independent radsafe organization for TG 7.5. Thils dif-
fered from previcus operations, in which the ABC and its contract radsafe per-
sonnel were integrated into TU 7.1.6. Pigure 23 1is an organization chart of
TG 7.5 radsafe functions.

The CTG 7.5 Radsafe Advisor was responsibie for staff direction on all TG 5
7.5 cvadsafe policies. The AEC Radsafe Officer was responsible to the 7G 7.5
Deputy Commander for supervising the radsafe operations and recommending pro-
tection measures. The H&N Radsafe QOfficer functioned ss the Operations Officer
and provided the necessary support. During periods when neither the Radsafe
Advisor nor the Assistant Chief of Staff was at Eniwetok Proving Ground (EPG),
the AEC Radsafe Assistant acted for the latter.

PR
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CTG 7.5 was directed to operate (1) decontamination facllities on Parry
and EBneu islands for TG 7.1 and TG 7.5 equipment, (2) radsafe facilities on
barges. and (3) laundries for contaminated clothing in support of all task
force elements., except for such services performed by TG 7.3 on certain ves-
sels and by TG 7.2 at the TG 7.2 laundry on Enewetak Island (Reference B.0.1).

AGEEBENTS_ TASK GROUP 7S
TASK GROUP 7.1 ~ 7 71 RADIOLOGICAL SAFETY ADVISER

- < e S S T S

P

TASK GROUP 75
DEPUTY

Y .5

TASK UNIT 716 OPERATIONAL LIAISON ATOMIC ENERGY COMMISSION
RADIOLOGICALSAFETY —— — —7——=— ~1 RADIOLOGICAL SAFETY OFFICER

ATOMIC ENERGY COMMISSION
RADIOLOGICAL SAFETY ASSISTANT

—— — — — t— d——— ——— S~ o)

R'_ADIOLOG|CAL SAFETY
{__ _ OPERATIONAL COORDINATION OPERATIONS AND SUPPORT

______________ HOLMES & NARVER, INC.

Filgure 23. Radiological safety organization of Task Group 7.5
HARDTACK.
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CTG 7.% relinquished to CTG 7.1 the operational control of the radsafe i
facilities that were operated during nontest periods by H&N on 1 April 1958,
while maintaining close lialson with CTG 7.1 on mutual radsafe matters during
the operational phase. H&N contlnued to provide radsafe monitors to support
TG 7.5 Operational control returned tc CTG 7.5 on 3 September 1958, 16 days
after the last detonation of the test series (Reference C.5.3).

PERSONNEL EXPOSURE STANDARDS

The radsafe regulations (see Appendix A) established standards that had .
the concurrence of the Surgeons General of the U.S. Army and U.S. Alir Force: r
Chief, Bureau of Medicine and Surgery. U.S. Navy: and the Director, Division
of Biclogy and Medicine, AEC. The regulations established Maximum Permissible
Exposure (MPE) standards for individuals and Maximum Permissible Limit (MPL)
exposure rates for contaminated personnel, clothing, equipment, land areas,

etc. Parts of the regulations that pertain to MPE and MPL standards are as
follows (Reference B.0.1):

v wm -

The Maximum Permissible Exposures (MPE's) and Maximum Per—
missible Limits (MPL's) as stated herein are applicable to a
field experimen:al test of nuclear devices in peacetime
whereln numbers of personnel engaged in these tests have been .
previously exposed or will be continuocusly exposed to poten— :
tial radiation hazards. It may become necessary from a study
Ex, of personnel records to reduce the MPE for certain individuals
who have recently been over-exposed to radiation.

PREPIEE L TR R
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Due to the special nature of fleld tests it is considered

- =4 that a policy of strict adherence to the radiological stan-
g dards prescribed for routine work 1s not realistic. The regu— :
) ‘: lations set forth herein have been designated as a reasonable .
b and safe compromise considering conservation of petrsonnel ex-— E
&l posures, the international import of the test and cost aspects .
0 of operational delays chargeable to excessive radiological s

,%-‘ precautions. In all cases other than emergencies or tactical ::
¥ situations the ultimate criteria will be limited by the MPE's -
P for personnel. Speclal instances may arise such as in the
] case of an air-sea rescue within the RADEX in which operations i
o will be carried out without regard to the MPE's and MPL's
' prescribed herein.

Thus, as in previous operatlons, MPE and MPL standards could be exceeded if
Eet, dictated by an emergency or tactical situation.

Maximum Permissible Exposure Standards

L RRT L 0 e

MPE standards established the radilation exposute limits for persconnel. Ba-
sically. the limit was set at 3.75 roentgens (R) (gamma only) per consecutive
13-week period with a maximum of 3 R for the operation, with exceptions for N
emergency and other tactical situations. The operation was defined as the pe- o
riod from 15 days hefcre the £first ready date to 15 days aiter the last shot. i
A special MPE of 10 R was authorized for crewmembers of alr-sampling aircraft. ~
In the avent of operational error or emergency. an additional exposure of 10 R
would be accepted. Any exposure in excess i 20 R total would be considered as N
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an overexposure for alrcrew samplers. Partway through the operation, sample-
recovery perscnnel had their authorized exposures change from 5 R to 10 R. At
the same time aircraft maintenance personnel had their maximum exposure raised
from S R to 8 R.

The limit of 3.75 R per l3-week period was slightly greater than the Na-
tional Committee on Radliation Protection and Measurements (NCRP) and the Inter-
national Commission con Radiological Protection (ICRP) limit of 3 R rer 13-week
period in effect at that time. The MPE was considered a safe compromise, weigh-
ing the factors of conservation of personnel exposures, the international im-—
port of the test, and the cost aspects of operaticnal delays chargeable to
excessive radlological precautions. The limit of S R for the operation 1is
equivalent to the yearly exposure currently permitted by Federal guidelines
for radiation workers. Appropriate remarks were to be included in the medical
records of personnel who exceeded the 3.75~ and 5-R limits. Military personnel
were to be advised that they should not be exposed further to radiation until
sufficient time elapsed to bring their average radiation exposure down to 0.3
R per week. Civilian personnel in this category were to be informed that lim-
itations on further radiation exposure were to be as determined by the labora-
tory or agency having administrative jurisdiction over such personnel.

Personnel whose previous radliation exposure was in excess of an age-
~rorated exposure (defined as five times the persons age on 1 February 1958 in
excess of age 18) would under no circumstances be allowed to receive a total
erposure from the operation 1n excess of 5 R. Regulations further limited
cumulative exposure to no more than 50 R by the 30th birthday of any person,
vwhereas the ICRP age-prorated exposure would have permitted 60 R at that age.

Authorization for individual e josures 1n excess of the established MPEs
could be granted only by CJITF 7. ¢. | only in specific cases justified by oper-
ational requirements.

Before the establishment of the MPE, there was some debate regarding expo-
sure limits in the correspondence among HARDTACK participants. It was suggested
that the MPE for sampler aircraft crewmembers be established at 20 R, but this
was rejected and the standard was set at 10 R with an additional 10 R for an
emergency or accident allowance. A recommendation that personnel associated
with recovery operations from the WAHCO and UMBRELLA underwater shots be per-
mitted up to 5 R per shot and 10 R for the operation, based on the need for
prompt recovery operations and the expectation of relatively high radiation
levels, was not adopted. As it turned out, radiation exposure levels were
considerably lower than expected. Concern was expressed because some of the
planned sampler aircraft crewmembers may have had significant radiation expo-
sure during FLUMBBOB (at the Nevada Test Site, 1957) and petrhaps from earlier
operatlons. The inclusion of a lifetlme exposure limit addressed this concern.
The task force phillosophy was to use greater numbers of personnel to keep in-
dividual exposures within the established MPE.

Commanders employed thelr own criteria and measures to prevant exceedling
the MPE standards for assigned personnel. For example, for priority early re-
covery of e¢xperiments from Howorth (DD-592) a noncommissioned target saalp
exposed during UMBRELLA, CTG 7.1 stated that reentry personnel could be exposed
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to 4 R/hr on board Howorth for not more than 40 minutes (Reference B.l.53,
UMBRELLA-S) . Surface units were instructed to back off if a field greater than
4 R/hr was detected. In interior shipboard spaces, protective breathing eguip-
ment was to be used following UMBRELLR 21f monltering indicated airborne activ-
ity exposure rates in excess of 1 R/hr (Reference B.3.3, 27-58).

HARDTACK shots were planned in a sequence that put the shots likely to
produce the most fallout toward the end of the test serles. REDWING had taught
planners that such a sequence minimized the possibilitles of critical personnel
becoming overexposed to radlation early in the operation. In addition, this
sequencing would put fewer personnel at risk because of the reduced number of
test participants toward the end of the series. For example, mlidway through
the operation the number of ships was only half the peak number during the
early part of the operation. For simllar reasons. it was desirable for comman-
ders to spread out the exposure of thelr personnel. CTG 7.3 instructed that
every effort be made to limlt the total exposure of TG 7.3 personnel to 2 R
during UMBRELLA recovery missions to allow for subsequent exposures. Ships and
aircraft were not tc enter any radiation fleld in excess of 4 R/hr, except
under special circumstances, and any stay times were to be calculated to keep
exposures below 2 R (Reference B.3.3, 27-58).

Maximum Permissibie Limits

MPLs for contamination cn the skin., clothing, or equipment were estab-
lished as criteria for Jdecontamination levels to be met or as levels that
required restriction of activity or other measures to protect personnel. All
readings of surface contamination were to be made with geiger counters. with
tube walls not substantilally in excess of 30 m\g/cm2 with shileld open unless
otherwise specifled, and the surface of the probe was to be held 1 to 2 inches
(2.5 to S cm) from the surface under obssrvation unless otherwlise specified.
For operational purposes, the MPLs were not consldered applicable to spotty
contamination, provided such areas could be effectively lsolated from person-
nel (Reference B.0.l, Appendix 1 to Anncx J). The MPLs established are sum-
marized in Regulation 20 (Appendix A).

Personnel Dosimetry

A film badge program was used to maintain complete exposure information on
all JTF 7 personnel entering the EPG during the operation. CIG 7.1 assigned
overall badging responsibility to CTU 7.1.6. Beginning 1 April 1958, film
badges were issued to all individuals upon their arrival at the EPG. Badges
were worn at all times and turned in upoun recall by TU 7.1.6, upon exit from
any contaminated area. or upon departure from the EPG. The badge was a DuPont
559 film packet (502 and 834 film components) dipped in ceresin wax and then
packaged in & rigid polyvinyl chloride case. The wax dip and the polyvinyl made
the film packet moisture-resistant tc allow wearing 1t for several months, 1f
necessary. without deteriorilation. As the operation progressed., test badges
were recalled and processed te check the overall efficiency of the packaglng.
Badges were in use for as long as 6 months with no sigiificant fallure ob-
served. Types of badges to be used by divers were pressure-tested to the equlv-
alent of a depth of 300 feet (about 90 meters) to ensure they would not leak
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(Reference B.3.4). Durimng the operation, 62,000 badges were issued and pro- 2l
cessed and thelr read’ay. recorded, Records were maintained on nearly 20,000 '”‘_
individuals. j

7 ; Self-reading pocket dosimeters. Hendix Model 611, 0- to 5-R range, were 5_:'.::2

- '., also used to cbtain quick information on the eyposure of an individual while ;23.

. in a contaminated area. e
» "\ To simplify recording the exposure informsation, each man was assigned an ﬁi
oy 8~digit ldentification nuaber that coded individual personal data. The first ’
i
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four digits identiflied the individuel's task group, task unit, and permanent
home station or laboratory. The last four digits were ugsed as an individual ID B
number within task units. It was necessary to decode these 8-digit numboers to
) prepare the summaries of the corganizations' exposures presented 1in Chapters 3
x and 6 through 10. Decoding was done using several documents that were physi-
K cally separate from the list on which the individual exposure records were
cunulated. Auxlllary documents generally proved adequate, but other documents
were consulted te rescolve what appeared to be incomplete or incorrect codes.
Codes and their meanings az currently understood are presented in Appendix B.

g To facliltate issuance of fllm badges, all personnel in Hg JTF 7. TG 7.1.

3 TG 7.5, and certain units of other task groups (such as cloud-sampling crews

of TG 7.4) were issued cards. They were similar to credit cards and showed the

individual's full naiwne and the 8-digit ID number. Use of these eliminated fill-

ALY ing out cards by hamd, thus expediting the issuance of badges. All the infor-—
mation on lssued badges was keypunched on cards and stored on magnetic tapes
by an I8M-704 computer at Parry.

All exposed fllm badges were developed using the standard technigues
employed at LASL. The films were calibrated on a “constant time, variable dis-

- tance" range, and the callbration curves were checked for accuracy approxi-
e mately every 2 weeks. Density of the exposed film was read with the Eberline
SAA Film Badge Evaluation and Recording System, FS-3. in conjunction with an IBM-
526 Summary Punch. The FS-3 was developed by the Eberline Instrument Corpora-
R tion. Santa Fe, New Mexico, 1in close cooperation with TU 7.1.6. The punched
& IBM cards from the FS-3 were then used to post the individual's records on the
= IBM-T04.
‘_ Identical fillm-processing stations were established at Enewetak and Bikini 9
i atolls for issulng, receiving, and processing film badges. Data records from 5
“,l_i Bikini were forwarded by data transmission equipment to Enewetak, where the Oy
% data from both atolls were consolidated and stored on magnetic tape by the ‘
: IPM-704. This method of computation and record-posting proved convenient since
- the daily exposure reports and cumulative exposure cards were prepared simul-
":,. taneously with the posting of the new information to the computer tapes for
o4 gtorage. Updated total exposure information compiled by the computer was then
N transmitted back to Bikinl by the same data link, where a duplicate file was
: ;-_JI maintained for daily use.
i The computer was used to extract and print the complete exposure reports
: 'j_l at the end of the operation, which eliminated the many hours of typing previ-
* ously required and possible transcription errors 1in preparing these reports.
L N ‘i'
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The resulting Consolidated List of Exposures (Radiological Safety Regulation
22a; see Appendix A) for all task force personnel was to be sent to the Chief,

Armed Forces Spe<lial weapons Project (AFSWP), and to the Director, Division of
Blology and Mediclne, AEC. A consolidated iist of personnel in each task group
was to be forwarded to each task group commander. Each task group commander
was then to forward the individual records to each man's unit of permanent
assignment for inclusion in the appropriate health records, although research
has indicated that individual records were not always included in the files.
Records of individuals exposed in excess of the regqulations were to be noted
g0 that they would not be exposed further to lonizing radiation until their
average exposures were down to 0.3 R per weex.
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This new method of operation proved very satisfactory. It reduced the num-
ber of personnel employed in the Dosimetry and Records Section from 40 during
Operatlion REDWING (1956) to a maximum of 16 during HARDTACK and considerably
reduced human errors from manual operations (Reference C.1.1685).
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PLANS AND PREPARATIONS
Training

A

Radsafe requlations directed that two levels of training ~— basic indoc-
trination and technical --- be conducted, but allowed each task group to vary
the scope of instruction according to the group's operational requirements.
Basic indoctrination included nontechnical instruction in radsafe measures and
techniques that was to be given to all task force personnel to encourage effi-
clent performance of dutles within the estsblished MPE limits. Technical train-
ing was required for most personnel who staffed the task force radsafe organi-
zatiens and performed the monitoring and other technical operations., such as
decontamination and instrument repair. Technical instruction was to be obtained

through existing service courses and at training sessions established at the
task group level.
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TASK GROUP 7.1. Training of TU 7.1.6 personnel was carried out in several
places. Most of the lst RS{U perscnnel were trained at Ft. McClellan, Alabama,
using instructors within the unit. Approximately 50 men of the lst RSSU par-
ticipated as trainees in the 1957 Operation PLUMBBOB at the Nevada Test Site
with the Reynolds Electrical and Engineering Compiny Radsafe Division. Instru-
ment repalr personnel were trained at the Navy facility at Treasure Island,
San Francisco, Californila, and at LASL. Four Navy hospital corpsmen who pro-

vided most of the laboratory services were trained by LASL Health Division
personnel,
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Scientific project personnel in TG 7.1 and contractor personnel in TG 7.5
were tralned as monitors for recovery and construction missions. Four-day
courses were given in schools at Parry and Eneu islands for this purpose., The
schools were in session for approximately 7 weeks. Personnel from TG 7.3 and
TG 7.4 were also trained at the schools (Reference C.1.1685).
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TASK GROUP 7.2. No specific references are avallable regarding TG 7.2
radsafe training.
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TASE GROUP 7.3. Each commanding officer was responsible for ensuring that
his ship was equipped and its crew trained in accordance with existing fleet
instructions covering radiological safety. Beyond this., the staff of TG 7.3
established a radsafe training program using established naval schools ashore.
All ships and units ware advised of the recommended courses ashore and were
encouraged to send representatives to take these courses. For example, Boxer
personnel attended the following courses before deployment:

® ABC (Atomic lological, and Chemical) Defense (5 officers
for 2 weeks)

e Atomlc Defense Monitoring and Radiac Instrumentation (8 of-
ficers for 5 weeks)

® C-425 Practical Atomic Defense (91 enlisted men for S5 days)
& C-426 Atomic Defense Monitoring and Radiac Instruments (75

enlisted men for 5 days).

All Roxer personnel also recelved 3 hours of 1indoctrination aboard ship in
(1) nuclear radiation effe:ts on personnel, (2) general effects of atomic wea-
pons and basic defensive measures, and (3) equipment and decontamination pro-
cedures. All men recelved a copy of "Is Radiation Dangerous tc You?" and a
number of radliology-related movies were gshewn (Reference £.3.3.9).

The existing programs of the naval treaining schools in shipboard radio-
logical safety and decontamination were Jjudged by the Schools Command, Treasure
Island, to be either inadequate or unreaiistic for training the 200~man TG 7.3
Radiological Safety and Decontamination Urit that had been formed for decon-~
tamination of the target ships exposed during the underwater shots. No previous
test operation had employed a Radlological Safety and Decontamination Unit
composed only of military personnel. Accordingly, the Naval Radiological De-~
fenge Laboratory (NRDL) devised a special 4-week tralning course attended by
the Officer-in-Charge and all 17 petty officers of the unit, who in turn pre-
sented the same training program to all of the enlisted personnel of the unit
(Reference C.3,3.30).

TASK GROUP 7.4. During early planning. the TG 7.4 Nuclear Research Officer
(NRO) directed that (Reference B.4.4):

- 1. Each multiengine alrcraft participating in D-~day and D+l
e missions have a qualified radsafe monitor aboard

e

2. Each element furnish two radioleogical monitors for each
£ 50 personnel to be assigned to ewmergency fallout survey
teams

g

":" 3. Monitors complete an approvad monitoring traininc program
8 before the operation.

AP
2.

Qualifications of previously trained monitors would be subject to the approval
of the NRO; others would be trained in the course given by TU 7.1.6,

for broad-based information, all TG 7.4 personnel were to be uriefed on
general and specific radiologicel problems assoclated with the operation. A
special l-day training course ftor Alr Force and Army officers was held in
April 1958 to prepare these personne)l to serve as sample-return project offi-
cers (Reference C.4.3, p. 346).
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By April 1958, almost all members of the 4926th Squadron had experience 1in
sampling procedures durilng nuclear tests. A training program included radsafe
courses. Because qualified ailrcrew observers were lacking in the 4926th, other
personnel in TG 7.4 received radsafe training to increase the pool of trained
observers and thereby lessen radiation exposure of any sinrgle individual. The
4526th also supervised similar training for the Strategic Air Command B-57D
crews at Laughlin AFB (Reference C.4.1, pp. 73-74).

TASK GROUP 7.5, Before Operation HARDTACK, a course to train radsafe moni-
tors was conducted by the H&N Radsufe Officer with the help of the AEC Radsafe
Assistant.

Onsite Decontamination Facilities

Personnel decontamination facllities operated by TU 7.1.6 were located
across the street from the radsafe bulldings on Parry Island, as they had been
during the previous series at Enewetak Ateoll. These facilities consisted of
"clean" and "hot" change areas and showers. A heavlly used personnel decontam-
ination station was also established on Runit for QUINCE and FIG. An equipment
decontamination station was also established on Parry Island, An AN/MDQ-1
radiochemistry laboratory traller obtained from the U.S., Army Signhal Corps was
paiked near the radsafe building. TG 7.4 also operated both personnel and air-
craft decontamination facilitles on Enewetak Island.

For Bikini operations, a radsafe center was established aboard Boxer. Its
decontamination facilitles, however, were never used because the camp at Eneu
Island was not significantly contaminated. An H&N barge was also equipped as a
complete radsafe center, to be used in the event that afloat operations were
required; but only the lsundry facllities of the barge were used. Personnel
and equipment decontamination facilities that duplicated those on Enewetak
were egstablished on Eneit adjacent to the radsafe building. An AN/MDQ~-1 radlo-
chemistry traller was parked near the TG 7.1 administrative compound (Refer~
ence C.1,1685).

Decontainination and processing facilities were established afloat for the
WAHOO and UMBRELLR underwater chots at Enewetak Atoll. Before the operation,
NRDL proposed to Navy Bureau of Ships, which in turn proposed to Chief of Naval
Opeorations {(CNO), that a complete radsafe center afloat be esti.~lished aboard
an attack transport ship for WAHOO and UMBRELLA. It was belleved that an afloat
radsafe center would enhance early-time data recovery, which was considered
critical, and increase the efficlency of the recovery operations by belng
closer than shore-based radsafe facilities.

In a letter to CJIF¥ 7, CTG 7.3 did not concur with this proposal. He felt
that data recovery was an activity of TG 7.1 and that the appropriate unit of
TG 7.1 could oversee the radiological safety of the persons conducting them.
Also, TG 7.3 planning was based on the premise that the target fleet would be
decontaminated within Enewetak Lagoon with the technical and logistic suppert
of establisgshed TG 7.1 radsafe facilitles ashore.

Based on a conlerence among interested parties at AFSWP on 16 May 1957,

CNO rejected the concept of a complete radsafe center afloat, reasoning that
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the responsibilities for radiological safety within the exlsting command struc-
ture were well established and advance logistic planning had already been com—
pleted (Reference B.3.9). An afloat radsafe support unit was desirable, but
this could consist of a component of TG 7.1 radsafe personnel abeoard an LSD or
APA, the facilities of which were considered appropriate for decontamination
needs. Thus, TG 7.1 remained as the formal focal point for radiclogical safety
of the experimental units for the underwater shots. The assigned radsafe unit,
TV 7.1.6, however, requested that TG 7.3 supply two men to handle the techni-
cal and organizational problems that might arise in decontaminating the target
ships because personnel knowledgeable in ship decontamination were not evail-
able within TU 7.1.6.

Johnston Island Preparations

For Johnston Island shots., all radsafe facllities were afloat. Because of
the high altitudes planned for the detonations at Johnston Island, radsafe
planning there was limited to provisions for a launch mishap or premature det-
onation. Rleven TU 7.1.6 LASL and UCRL personnel were formed into a six-man
team to be stationed on Boxer and a five-man backup team to be stationed at
Hickar Pleld. Oahu, Hawali. All personnel were well trained in the handling of
alpha contamination, should an accident occur. Necessary decontamination equip-
ment and radiac instruments were loaded aboard Boxer before it departed the
EPG for Johnston Island (Reference C.1.1685),

Barring an accident, only TG 7.3 personnel of units directly involved in
the recovery of instrumented rocket nosecones would be exposed to radioactive
materials;: thus, only personnel of those units were issued film badges for the
Johnston Island operations (Reference B.3.3, 38-%8 [J.I.]).

For TEBAK, a WB-50 radiation sampler aircraft was on standby at Hickam
Field, in case of an accident. For ORANGE, this same aircraft was airborne
near Johnston Island.

RADIATION MONITORING AND CONTROL

Both onsite and offsite programs were developed for radiation monitoring
and control. The Radsafe Center was responsible for the onsite program at Ene-
wetak and Bikini atollg., and Johnston Island; the Radsafe Office was responsi--
ble for the offsite program at other locations.

O0ffsite Radsafe Programs

The offsite radsafe [rogicm was designed to protect persons in populated
areas outside the EPG aguinst. radlation exposure, to obtain a complete record
of radioactivity introducet LY the tests in nearby populated areas, to assure
that all reasonable radiation safequards wr.re employed, and to obtain data for
investigating reports of incideats attributed to radlioactivity from the tests.
To do tihiis. tha task fcrce operated an offsite program consisting of manned
radsafe stations. radiation monitoring stations, and cloud t,acking.

MAKNNED RADSAFE STATIONS. The task force, through a contract with the U.S.
Public Health Service (USPH3), established fully equipped radsafe stations at
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Ronyelap., Ujelang, Utirik., and wWotho. These stations were operated by USPHS
radiation health personnel (Reference C.1.1685).

Radsafe operations at four other temporary land-based JTF 7 weather sta-
ticns on Tarawa, Nauru, Kapingamarangl. and Kusale islands were controlled by
C?G 7.4. They were charged with immediately reporting any significant radiation
intensities that were measured. AN/PDR-27C and AN/PDR-39 radiac Iinstruvents
were used and were exchanged biweekly, or as required. Also., each island had N
an automonitor (automatic radiation-recording device). All station personnel - 3
wore film badges that were exchanged once -- in mid-June 1958 (Reference
C.4.2.2. pp. 355-363).

After a large-yleld Enewetak shot or any Bikini shot, the manned radsafe
stations were to check sutomonitor readings and periodically monitor the island
and its facilities using the AN/PUR-27Cs to determine any significant increase
over background. Statilon personnel were to submit a radiation level report to
CJTF 7 every 12 hours (6 hours for Rongelap), starting at H+6.* for levels
greater than 0.005 R/hr, but were to repcrt immediately any abrupt increase in
radiation levels or any radiation level increases above 0.010 R/hr and each
0.010 R/hr increment. >4

Personnel at these sites were instructed to stay indoors for protection if
the radiation level rose above 0.010 R/hr and no instructions had been received .
from CITF 7 or CTG 7.4. If severe late fallout (at H+1l2 or later) of 5 R/hr or "
greater was encountered, the 1island weather station commander was directed to
have all personnel immerse themselves in the lagoon up to thelr necks and ‘
periodically duck their heads to rinse off any fallout particles.

i All eight island weather stations were directed to conduct dalily radiation Y
g surveys beginning on the day before the first shot and to repvort any unusual
At increases at once. o

- o MONITORING STATIONS. In cooperation with the U.S. Weather Bureau. the U.S. o

) :;i; Coast Guard, the Alr Force Weather Service, the Hawallan Sea Frontiler. and the e
Ry Hawalian Territorial Health Department, a total of 15 radiation monitoring 3
ﬁ stations, in addition to the manned stations, were established at existing j:.-
. ¥ weather and USPHS installations throughout the Pacific area. These stations =
” were equipped with continuous background recorders and standard military radiac
- ) instruments. Arrangements were made for station personnel to log instrument
‘\: readings and to report the results through weather or routine radio channels. ._':.

2 ‘\‘ In addition, any significant reading ahove background was to be reported

promptly to CJTF 7. The network equipment was installed and serviced by USPHS .j'
> personnel attached to Hq JTF 7 (Reference C.1.1685). —

CLOUD TRACKING. In addition tc preshot survelllance of the danger area, o
Navy P2V ailrcraft based at Kwajalein tracked nuclear clouds on all events {Z'

A%

~X 7
-~ * The conveintion used throughout this report is that an expressiocn such as A
;‘* "H+6" means H-hour (the detonation time) plus 6 hours. Similarly, "H-6" A%
] means & hours before the detonation. This convention 1s used in the seame e
<

:‘ manner for D-day (the day of detonation).




expected to produce radioactive fallout, The ailrcraft reported to Alr Opera-
tions Control (AOC) at either Enewetak or Bikinl at shot time and were con-
trolled by the Radsafe Office via telephone contact with the AOC. For shots
where it was necessary to obtain information at altitudes and ranges beyond
the capabilities of the P2Vs, the TG 7.4 Weather Reconnalssance Squadron of
WB-50s was employed., The number of tracking flights required depended mainly
upon the fission magnitude of the shot and the stability of the existing wind
field (Reference C.1.6.2).

The JTF 7 Operations Plan 1-58 Radiolggica; Safety Requlations specified
that cloud-tracking aircraft were to turn back when radiation intensitles in

excess of 3 R/hr were encountered. The operation plan also directed TG 7.3 and
TG 7.4 alrcraft on other established flights between Evewetak and Bikini within
24 hours following any shot to report any radiation encountered.

Clouds were tracked by radar during the first 30 minutes after detonation
to obtain reliable and useful information on cloud size, height. and general
movenents. Both ground and shipboard radars were used, and the Information was
telephoned to Hq JTF 7 ‘Reference C.1.6.2).

MARINE SURVEYS. Program 40 (Radiobiological Survey) was related to radilo-
logical safety. Objectives of the program were to determine the amounts and
distribution of radioisotopes in seawater, soil, plants, and animals at the
BEPG, in the northern Marshalls. eastern Carolines, and other islands westward
to the Palaus. Pretest surveys were done at Enewetak and Rongelap atolls. Post~
shot measurements were made and samples c¢ollected at the weather statlions on
Ponape and Kusalie islands and Tarawa. Ujelang. Utirik. Kapingamarangl. and
wotho atolls., and tuna catches unloaded in Japan were sampled (Reference
C.1.1682).

Uss Collett (DD-730) conducted a postoperational radiologlical survey of
the waters of the EPG danger area prior to disestablishment of the danger area
by the ABEC (Reference C.3.4.12). Samples of water at five depths down to 328
feat (100 meters) and of plankton were to be obtained every 50 nmi (93 km)
aleng a 2,225-nmi (4,121 km) track. USS Silverstein (DD-534) conducted similar

postoperational sampling mission of ten points in the waters between the EPS
and Guam (Reference C.3.4.40).

A number of other steps were taken to assure the safety of the task force,
native populations, and transient surface and air traffic. For example, an
emergency evacuation capability was constantly maintained. As far as can be
determined from existing monitoring data and investigations of reported inci-
dents, no siqgnificant fallout occurred on populated offsite areas or to tran-
slent surface craft and aircraft as a result of Operation HARDTACK (Reference
C.1.6.2;.

Onsite Monitoring and Control

RADIOLOGICAL EXCLUSION AREAS. The JTF 7 Radsafe Office was responsible for
designating both air and surface radex areas. Preshot radex forecasts were
revised based on the results of aerial and ground surveys. Lagoon water samples
were also taken. All atoll and lagoon areas at or near a detonation site were

.
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considered contaminated until cleared for operations by the Radsafe Office.
Entry contrel procedures were managed by the Radsafe Office. Entry to and exit
from radex areas was only through established checkpoints. Personnel were not
permitted beyond a radsafe checkpoint without an access pass, lssued by the TU
7.1.5 Plotting and Brilefing Officer, that stated the purpose and precise loca-
tion of the entry. All vehicles used in radex areas were checked through estab-
lished decontamination stations.

Surface radex areas were divided into two categories requiring different
levels of protection and control:

& Full radex ~~ an area in which the gamma radiation inten-
gity exceeded 0.1 K/hr

¢ Limited radex -— an area in which the gamma radiation in-
tensity was between 0.01 and 0.1 R/hr.

Radex areas were not strictly defined for alpha contamination. Apparently,
however., areas in which the alpha count by a survey meter with a probe area of
55 cm® exceeded 10,000 counts per minute (CPM) were considered full radex
areas, and those in which the actlivity was between 1,000 and 10,000 CPM were
considered limlted radex areas (Reference C.5.3).

A full radex area required parties toc be accompanied by certified monitors
and all persons to wear full protective clothing. In a limited radex area, CTU
7.1.6 determined the kind of clothing to be worn. The function of the clothing
was to prevent the radioactive contaminants from directly contacting the
wearer, thus making decontamination easier and preventing the spread of the
contaminants. Full protective fileld clothing is shown in use in Figure 24. Pro-
tective clothing to shield the wearer from contaminated washdown water is shown
in Fiqure 25 and protective clothing worn by crewmen while recovering a radio-
active object is shown in Figure 26.

Radsafe monitors kept work party leaders in radex areas advised of radia-
tion intensities at all times. The party leader was expected to follow such
advice and adhére to the established exposure limits.

Alr racex areas were not to be entered by aircraft unless a tactical or
emergency situation arose, in which case tactical exposure allowances applied.
kll multiengine aircraft were required to have a monitor capable of <calculat-
ing allowable exposures.

RADIAC INSTRUMENTS., Electronic equipment utillized during the operation in-
cluded portable survey instruments, air-sampling equipment, exposure-recording
instruments, background monitoring detectors with recorder units, varlous types
of test equipment, and radiation analysis instrumentation. Table 6 lists some
of the types and distribution of radiac equipment and instrumentation for the
major portion of the operation. Other equipment was avallable:; for example,
Boxer reported having PDR-T1B instruments aboard and HMR(L)-361 reported having
FDR~-108 instruments. Since all ships are reported to have arrived at the EPG
fully equipped with radiac equipment, they too would have had equipment not
accounted for in Table 6. The discussicn in Reference C€.5.3 indicates that, in
general, overall equipment performance was adequate.
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T Figure 24. Protective clothing worn during data-recovery mission on
3 Beoken Island after HARDTACK, KOA.

2

- Figure 25. Protective clocthing for shipboard decontamination crewmembers,
- HARDTACK.
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Figure 26.

Protective clothing worn by USS Lansing (DER-388) crewmembers
(standing} after recovering a radioactive pod that had been
exposed to the high-~altitude HARDTACK, TEAK shot. Project 8.6
personnel are examining the pod.
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™G 7.2 Cperations Plan 1-3%8 specified the use of the AN/PDR~18 gawma survey
meter for TG 7.2 fileld and ares surveys (Reference B.2). NRDL recommended that
AN/POR-27TF and AN/PFDR-18 Navy allowance gamma and beta radiacs and the "cutle
pie” and Berkeley Model 2750, or egquivalent, industrial monitoring radiacs be
used for area and personnel monitoring and surveying (Referencg B.3.5). The
basic instrument used for the onsite aeriel survey was the AN/PDR-39 gamma
survey uoeter modified to read up to 500 R/hr. The instrument built by Jordan
Instrument Co. (PRAM-%) that worked so well in Operation REDWING was never
used because 1t could not be made to operate properly (Reference €.1.168%).

GENERAL PROCEINIRES. The Operations Section of the Radsafe Center was re-
sponsible for conducting ail radiological surveys on Enewetak Atoll, most of
which were made by H-19 helicopters. H-21 helicoptars were not used for surveys
because of their lack of radiation shielding. In contrast to the H-19, where
the pilot compartment was located above the engine, which provided shielding.
the H-Zl pilot compartment was a plastic bubble on the nose of the helicopter
(Reference C.1.1685). Crewmembers in the passenger compartment of the H-19,
however, were not shielded by the engine.

Normal aerial surveys included a preentry survey from H+l to H+4, a de-
tailed survey of the entire shot atoll from H+6 to H+8, and detailed surveys
on the mornings of D+1l, D+2, and D+3. Additional surveys were made as regquired.
When necessary. data were radioeda to the Radsafe Center from the survey heli-
copter. Plotting and briefing stations were maintained at the Radsafe Center
and the J-3 office. Ground surveys of islands in the atoll were conducted when
required (Reference C.1.1685).

The helicopter survey technique called for the pilot either to land the
alrcraft at a survey spot s8¢ that a ground reading could be obtained or to
make a slow pass over the spot at an altitude of 25 feet (7.5 meters). Readings
taken at 25 feet (7.6 meters) were doubled tc approximate a ground reading.
The doubling factor was experimentally determined and checked at varicus times
during the operation. Bxperience indicated that any reading taken from an alti-
tude of 50 feet (15.2 meters) or higher was difficult to correct to true ground
values because of asymmetry in the radiation fields and the topography of the
various islands (Reference C.1.1685).

On Bikini Atoll, as on Enewetak Ateoll, the Operations Section of the
Radsafe Center was responsible for all surveys. These surveys usually were
conducted hy helicopter., but ground vehicle surveys were carried out when
required. Regular surveys were conducted on a schedule similar to that at Ene-
wetak, On shots vhat required evacuation of the atoll, the preentry aerial
surveys were launched from Boxer at sea. In these cases, the survey party first
flew to Eneu to monitor the island and the ship anchorage for reentry and then
proceaded with the remainder of the survey. Two crews usually surveyed simul-
tanecusly. one covering the southern half of the atoll, the other covering the
northern half (Reference C.1.1685%).

For the WAHOO and UMBRELLA undegwater shots, monitoring was done from the
surface uniteg after an initial auryey by ailr. Menitors on each surface unit

were to continuously monitor the water. thelr unit, and target ships and en-
sure that their ship did not proceed into areas with readings exceeding 4 R/hr
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unless specifically instructed to do so. Monltors were also to calculate stay
times so as to limit the exposure of any person to less than 2 R. These monl-
toring operations d4did not include actual boarding of the target ships. The
primary purpose was to determine the  general radiation intensities in the vi-~
cinity of and alongside the target ships. Recovery partles were allowed to
procesd. hased on this Information, with the party monitor determining the
radiation situation aboard ship (Reference B.3.3, 27-58, UMBRELLA).

Monitoring and control procedures for land surveys were developed before
the operation. For oxample, the TG 7.2 Operations Plan 1-58 (Reference B.2)
contains detalled procedures for monitoring land areas. A monitoring team was
to comprise three men: a survey meter man, a recorder, and a radioman. If sig-
nificant fallout was suspected, a rapid spot check survey was to be made at
certain predetermined locations. Otherwise, a detailled routline survey was to
be performed. Results of the surveys were to be reported to the TG 7.2 Radsafe
Offlicer who would consollidate the readings on a ground intensity map of the
area and plot the 0.01-R/hr isodose line indicating a radex areca. Radex areas
were to be marked with standard markers or placed under guard.

buring the survey., the recorder and radioman were to advance in single
file behind the survey meter man. Surveys of the ground were to be made with
the probe at arms length so that all readings would be at about the same helight
above ground. Readings of vertical surfaces were to be made at a distance of
6 inches (15 cm). If an area 1in excess of 0.03 R/hr (a "hot gpot") was discov-

ered, the location and intensity were to be immedlately radioed to the Radsafe
Officer.

Teams were given further Iinstruction regarding protective clothing and
personnel and equipment decontamination procedures.

Use of barges for zero points required underwater radiation-measuring in-
struments for divers working on signal cables and mooring devices. Six speclal
neters manufactured by the Isotopes Speclalties Company. Burbank, California,
were used. They were designed to withstand pressures encountered at depths of
100 feet (30.5 meters). These meters were hand-carried by SCUBA divers and
proved to be easy to handle and read while under water (Reference C.1.1685),

CTG 7.3 promulgated radsafe measures for diving operations (Reference
B.3.6). Divers were directed not to enter water having radioactivity exceeding
0.1 R/hr 2t the surface nor to remain in any underwater location where radio-
activity exceeded 1 R/hr. In any proposed diving area. radioactivity was to be
measured at the water surface, at a Jepth of 15 feet (4.6 meters), at mid-
depth, at the bottcm, and at the expected principal working depth. Each diver
was to carry a speclal diving badge in addition to his regular badge. Divers
were not permitted to enter the water with an incompletely healed wound that
was open to the water. Underwater wounds and foreign objects in the eye were
to be treated. To avold radiation intake to the body. divers were cautioned
not to swailow water,

Water samples from swimming areas and from the lagoons, where water was
distilled for ships, were pertiodically taken and tested for contamination.
No significant radioactivity was found in any of the ships' water samples
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(Reference C.3.1, p. 77), but the swimming beach at Enewetak was closed for -
one day because of fallout from FIR (Reference C.1.1685).
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FALLOUT PROTECTION MEASURES. Some precautionary measurss were taken to
reduce contamination from fallout. The Radiological Safety Plan of TG 7.3 (an-
nex G) describes measures that could be employed in advance to reduce contami-
nation on TG 7.3 ships and alrcraft in the event of thelr exposure to fallout
and to reduce any decontamination effort. The document prescribed the use of
the washdown systems installed on all ships whenever radiation levels were
0.005% R/hr in excess of background, if the radiation was from fallout and not
from contaminated water (Reforence B.3.7). Washdown systems also kept ship
surfaces wet when fallout was expected so that contaminated particles would be
less likely to stick. Plgure 27 shows a washdown system 1in operation.
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Some ships received fallout following FIR and KOA. Washdown systems were
enpioyed and, in general, were quite satisfactory in reducing radioactivity.
An exceptlion was USS De Haven (DD-727), where contaminated seawater after the
shot was used to wash the ship: however, high exposure to the crew did not
result. The highest badge reading on De Haven was 1.76 R (Reference C.3.3.15).
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3 Figure 27. Washdown system operating on rear turrets of Killen (0D-593) j?:
j during preparations for HARDTACK, UMBRELLA. -
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Most commanders expressed satisfaction with the washdown systems and r.lzufe
equipment abocard their ships.

Target ships for the underwater sghots were also equipped with washdown
systems to reduce contaminacion and expedite reentry. Also, as part of scien-
tific study, the ships were instrumented with film badges and gamma-intensity-
time recorders.

HMR(L)~-361 taped a double layer of barrier paper to the decks of its heli-
copters on reentry missions and instructed crew and passengers to don "booties”
when entering from a radex area to minimize interior contamination (Reference
B.3.8). Interlor contamination of P2V aircraft cloud-sampling and -tracking
alrcraft was reduced by sealing air intake vents to the extent possible.

PRESHOT RADIOLOGICAL SAFETY

Before each shot, weather predictions were used to establish the danger
area that might receive significant fallout. The danger area was searched to
ensure clearance of all non-task—-force ships, and task force personnel and
equipnent were evacuated as necessary.

Weather

Weather forecasting watE an important part of the radsafe program because
of the strong influence of wind speeds and directions on fallout patterns. In
a 28 February 1958 letter to CINCPAC, CJTF 7 stated:

The impact of fallout on populataed islancds will be one of the
major factors 1in making a decislon to shoot, and will be con-
sidered in its relation to forecast winds and other metecro-—
logical conditions.

The JTF 7 Operations Plan 1-58 established weather responsibilities among Hg
JIF 7, TG 7.3, and TG 7.4 (Reference B.0.1l).

JTF 7 Weather Central was located in Hq JTF 7 on Parry Island and was
tasked with collecting all observable data and performing all analysis and
prediction work. Analyses and presentations. in finished chart form, were to
be transmitted to the Enewetak weather station and to the command ship via
facsimlile. The Radsafe Office, which was responsible for designating air and
surface radax areas before shot time and for predicting and displaying fallout,
was also located in Hq JTF 7, and presumably was closely assoclated with Wea-
ther Central.

The task force also established weather forecasting and observation sta-
tions on Enewetak Island and aboard Boxer. Boxer was responsible for maintain-
ing technical control and coordinating the weather observation program afloat
ard the security patrol alrcraft observational program. CTG 7.4 was glven
operational control of the Enewetak station. CJTF 7 maintained operational
control over Boxer station as well as Weather Central. Both Boxer and Enewetak
stations were responsible for plotiting, displaying, and interpreting weather
information provided by Weather Central. Boxer station provided operational
forecasts and other weather services in support of waterborns operations, and
the Enewetak station provided the same in support of air operations,
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Weather information was to be obtajined from JTF 7 Weather Central at Parry
Island and the forecasting offlces and observatlion stations at Enewetak Island
and Kwajalein Naval Air Station. Weather obssrvation stations were temporarily
established by TG 7.4 at Tarawa, Kapingamarangil, Utlrik. Wotho., Ujelang, and
Rongelap atolls and Nauru and Kusale islands as well as on TG 7.3 weather units
afloat. Speclal winds—aloft and surface observatlons were made from TG 7.3 de~
stroyers. WB-50s basad at Enewetak Island and TG 7.3 security patrol aircraft
based at Kwajaleln made weather odservations. U.S. Weather Bureau observations
from stations at Majuro Atoll and Ponape, Wake, and Truk islands were used, as
were routine Pacliflic Ocean area weather broadcasts.

CITF 7 provided special rawinsonde (radar wind sounding) balloons to all
JTF 7 weather stations, U.S. Weather Bureau stations, Kwaljalein Naval Air Sta-
tion, and TG 7.3 ships to make wind observations to support the operation.
CJTF 1 also provided winds aloft sounding projectile (WASP) rockets for special
wind observations by TG 7.3 destroyers. The rockets would explode at predeter-
mined altitudes and release metallic foll strips (window) that would be carried
by the wind and tracked by destroyer-based radar equipment.

At the beginning of the operation, CJTF 7 established five destroyer sta-
tions. Geographic coordinates of the weather stations and their locations with
respect to the atolls were:

Alpha 260 nmi (482 km) from Enewetak bearing 262°
Bravo 225 nmi (417 km) from Enewetak bearing 325°
Charlie 200 nmi (370 km) from Bikini bearing 10°
Delta 50 nmi (93 km) from 3ikini bearing 139°
Echo 50 nml (93 km) from Enewetak bearing 1300.

As the operation progressed, CJTF 7 and CIG 7.3 agreed to maintain one de-
stroyer at Station Bravo, one at Bikini to supplement Boxer's D-1 observations,
and a third at Enewetak (Reference C.3.1). The other four weather stations were
used as needed. Another major change 1n procedure was made very early in the
test serles. As originally planned, the destroyer at Station Bravo would retire
to a point south of the east-west centerline between Bikinl and Enewetak on
the night befor.: a detonation as a precaution against unexpected fallout. This
procedure, however, resulted in a lack of critical weather information imme-
diately before shot time when 1t was most needed. During a conference between
representatives of CJTF 7 and CTG 7.3 following YUCCA, it was decided to main-
tain the destroyer at Station Bravo at shot time and, 1f necessary, for up to
30 hours after the detonatlion. The JTF 7 FOPU would inform the destroyer of
" the best evasive courses to steer if fallout came near the ship. Thils new pro-
- cedure was instituted on 30 April. six days before the second HARDTACK detona-—

>

¥ tion, CACTUS, at Enewetak.
. Weather observaticn capabllities were specifled in the JTF 7 Operations
- 1 Plan 1-58 (Reference B.0.l1l) as follows:

) e Bikinil shipborne facilities -~ minimum of eight surface,

. four rawinsonde. and one radiosonde daily. increasing to

‘ one rawinsonde every 2 hours and one radiosonde every

i 6 hours immediately preceding Bikini shot times
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©® Destroyers -— eight surface observations daily and. when
directed, speclal winds-aloft measurements comprised of:
high—-altitude rawinsonde obsgervations to 150,000 feet
(45.7 km) via VWASP rockets., and medium-altitude observa-
tions to 35,000 feet (10.7 km) via the WASP rawinsonde

balloons

® Kwaljalein Naval Air 8Station -— eight surface and four
rawinsonde observations daily

® WB-50 -—- two l2-hour weather misslons daily, increasing to
three or, if necessary. four missions daily 2 days before
each shot

® Enewetak station -~- hourly surface observations and four

rawinsonde observations dally increasing to twelve dally
when directed

& Temporary task force weather observation stations at
Tarawa, Nauru., and Kapingamarangl -- eight surface obser-
vations dally and twoe rawinsonde observations daily, in-
creasing to five dally wha2n directed: at Kusale and Utirilk
-~ eight surface observations daily and four rawlasonde
observations dally, increasing to eight dally when di-
rected; and at wotho, Ujelang, and Rongelap -- four sur-
face observations and two pibal observatlions daily.

Failout Prediction

The FOPU was ¢stablished as part of the Radsafe Office tc forecast radsafe
information (fallout plot and air and surface radex areas) tor each shot. No
information has been found that describes the forecasting techniques used by
the FOPU; however, many of the resultant predicted patterns are shown in the
Operation HARDTACK Radiological Safety Final Report (Reference ¢€.1.6.2) and
are reproduced in Chapters 4 and 5 as appropriate,

dinger Area

The danger area for radioactive fallout was established a few days before
each shot date, based on weather forecasts. CTG 7.3 established a l6-plane p2v
squadron, comprised of Patrol Squadron 28 (VP-28) and four alrcraft from Patrol
Squadron 22 (VP-22), to search the danger area and these tracked the radio-
active clouds in the postshot period.

Typically, on D-3 and D-2, CJTF 7 informed CTG 7.3 of the sectors to be
searched on D-2 and D-1, respectively, based on the predicted fallout pattern.
The Deputy CTG 7.3 aboard Boxer directed the security patrols and informed
VP-28 at Kwajalein of the specific sector to be searched. Since the patrols
were not conducted during a 10- to 1l2-hour perlcd before each shot., the search
zone was enlarged by 120 nmi (222 km) in all directions, allowing the patrol
squadron te warn ships that might come into the danger area before the shot.
Because of the irregular shapes of the forecast fallout patterns., a circular
arc searcih pattern was employed to provide complete coverage to compensate for
possible changes in wind patterns. Alrcraft were assigned different radii from
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the atoll to ensure as complete search coverage as possible. This procedure
also faclilitated readjusting search areas during the search, particularly if
time was short. The AOC was located aboard Boxer, or, in Boxer's absence, on
the radar picket destroyer, USS Benner (DDR-807), which relayed the flight
control patterns through the squadron base radio at Kwajalein.

During the later phases of the operation, when Boxer departed the EPG for
Johnston Island., survelllance sszarches and radsafe flights were controlled
from an air plot established in the Air Force weather communications facility
on Parry Island. Although the air plot was physically integrated with the Air
Force communications facility, it was controlled and directed by TG 7.3 (Ref-
erehce C.3.1).

Personnel Evacuation

Por shots at Enewetak or Bikinl atolls, personnel were sight-mustered,
typically at 1800 on D-]1. All personnel 1n forecast land danger areas were
reported to the atoll muster offlcer. For Enewetak events, these danger areas
usually were all islands of Enewetak except Parry and Enewetak:; for Bikini
events. they included all islands of Bikini except Eneu. For some Bikini shots,
however, the atoll was completely evacuated., When all personnel were out of
the danger area, the completed muster was submitted to CITF 7 by the task group
muster offlicer. For complete evacuation of Bikini Atoll, all personnel were
mustered as they boarded the ships. A relatively large number of personnel
manned stations at Johnston Island for TEAK and ORANGE. These personnel were
mustered at each of these stations. and the muster officer reported when all
task group personnel were in s&fe locations. Those whe were evacuated from
Johnston Island were mustered aboard ships (Reference C.1.1682).

LCUs were the primary ship-to-shore evacuation vehicle. H-19 hellcopters
were used to evacuate priority personnel and late evacuees. For complete evac-—
vation of Bikinl, most evacuees were taken aboard PBoxer and USNS Fred C.
Ainsworth (T-2P-181). Wwhen Boxer was at Johnston Island, USS Monticello

(LSD-35) was substituted. At Johnstor Island. Boxer was the primary ship for
evacuees.

TG 7.3 and TG 7.5 maintained a capabllity to evacuate all personnel in the
event of severe fallout or other emergency.

POSTSHOY RADIOLOGICAL SAFETY
Reentry and Recovery
Procedures for reentry into radiocactive areas were summarized as follows:

e Entry into a full radex area will require full protective
clothing and a qualified monitor to accompany the party

® Entry into a limitel radex area will require such protec-
tive clothing and monitoring support as deeiwd necessary
by the TU 7.1,6 Plotting and Briefing Section

e Entry of personnel into full and limited radex areas will
require access permlts 1issued to party monitors or party
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leaders by the TU 7.1.6 Plotting and Briefing Sectlon at :

S the Radsafe Center signifying that all radsafe procedures ;
- ' have been complied with
S ® Recovery and construction parties will bhe allowed to enter
5} ' radioactive areas as necessary, but depending upon the )
il current radiological situation (actual control of early ’
entry on D-day will be exercised by J-3, TG 7.1). %

Checkpoints for control of entry into radioactive areas would be estab-
lished by TU 7.1.6 as required. Normally, checkpoints would be maintalined by
the Air Dispatcher's Office and at the marine landing. Personnel departing for
radex areas were required to have access permits before passing the check- ;
points. Upon return from a radex area, personnel and equipment would be moni-

. tored at the checkpoints. Personnel or equipment found to be contaminated above
%e the established MPLs would he directed to the appropriate decontamination sta-
j; tion. all personnel were to proceed to the Radsafe Center to exchange film
%; badges upon return from a radex area.

Task unit commanders could request continuing radex area access pernits
g; for personnel in their task units, which allowed frequent entry to and exit
§ from radex areas without obtaining separate permits for each entry and exit.
2ll requests for continuing access permits were to be approved by CTU 7.1.6
and could be withdrawn at any time, depending on the radilolegical situation.
<A Continuing access permits were not valid for more than one event or when cer~
" tain individual cumulative exposures were reached.

ble. projects were to provicde their own monitors for entry into radex areas;
otherwise, arrangements could be made with TU 7.1.6 to supply monitors. Party
: monitors, and any others deemed necessary. were briefed by the TU 7.1.6 Plot-
- ting and Briefing Section before receipt of an access permit. Monitors assigned
to individuals or groups working in radex areas or with contaminated equipment
during recovery operations kept the recovery party leader advlsed of radlation
intensities at all times. Since the party leader was responsible for the radio-
logical safety of all members of his party, he was expected tc accept the mon-
itor's advice and act accordingly. It was the responsibility of both the leader
and the members of the recovery party to adhere tco the established exposure

”g T™U 7.1.6 trained monitors for the various ovrojects as required, If possi-
A
"
nt

% limits. When eating or working in any radex area, sensible sanitary precautions
_Eé were to be taken (Reference B.1.6).

X

] Cloud Sampling

o

.. Manned alrcraft collected air and particulate samples from radiocactive
K- clouds of all shots except the high-altitude shots, TEAK and ORANGE., to support
' sclentific Projects 11.2, 21.2, and 2.8b. Whiie the cloud-sampling operations
{ were not in themselves radsafe-oriented, the real-time radlation measurenents
] contributed to tracking of the cloud, and speclal radsafe procedures were es-—
tablished to ensure safety during recovery of the collected samples. Unmanned
rockets also were used to collect cloud samples.

TG 7.4 was responsible for collecting cloud samples by manned alrcraft.
B~57 aircraft collected particulate matter on fillter—paper aisembllies mounted
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in the nose of the wingtip fuel tanks. These same alrcraft collected gas sam-~
ples from collection unis mounted on each side of the fuselage near the taill
of the plane. Intake air, filltered to remove particulates, was pumped into
botties aboard the aircraft. WE-50 aircraft were alsoc used to support Project
2.8b by collecting particulate samples at 'ow altitudes on filter paper assem-
bllies mounted or top of the aircraft,

The MPE for these aircrews was 10 R gamma, plus an additional 10 R in the
event of operational accident or emergency. Exposure in excess of 20 R would
be considered an overexposure.

Procedures for removal of the particulate samples from the wingtip collec-
tors of the B-57 were standardized and are described 1in detail in Reference
C.4.4 (pp. 220-225). They were simlilar to those of previous operations. but
with some modiflcations. Two towed trailers in tandem were used during sample
removal to carry tools and sample containers. The samples were stored aboard
another towed traller.

Three people were directly engaged in particulate sample removals. A fourth
person served as overall supervisor to ensure compliance with sample-removal
procedures. Alr Force operating procedures called for wearing a standard fa-
tigue uniform without bootles, and leather palm gloves. The traillers and per-
sonnel were brought to between 25 and 50 feet (7.6 and 15 meters) from the
front of the aircraft, The minimum standoff distance of 25 feet (7.6 meters)
was chosen based upon a possible radiation exposure rate of 0.5 R/hr from the
fllter paper, which frequently had intensities of 100 R/hr at a distance of
1 foot (0.3 meter). The first person advanced to the pod, cut the filter-
retaining wire with a long-handled tool (which appears in photographs to be
about 4 feet (1.2 neters] long), obtained long-handled tongs from the tool
trailer, and returned to his original position beyond 25 feet (7.6 meters)
from the aircraft. The second person advanced to the pod, inserted a hook at
the end of a 9-foot (2.7-meter) pole into a ring on the fllter assembly, and
removed the assembly. The filrst person was ready to assist with the long-
handled tongs if needed. The second person carefully carried the assembly at
the end of the pole and deposited it into a shlelded "cave" on the second tan-
dem trailer. The first person removed the safety holding wire from the assem-
bly with a long-handled tool. and the second person spread the holder so that
the third person could insert a long-handled paper-rolling tool. Person number
three rolled the paper., while the others stood well clear, and inserted the
rolled paper into a shielded "pig" in front of the cave. The first person
measured the radiation intensity in the pig using a long-handled »robe and
recorded the readings. Then persons number one and two lifted the plg (which
closed shut automatically as 1t was lifted) from the traller using a long-
handled tool, carried the plg to the third trailer, and stored 1t 1in a section
of a shielded box. Each wingtip fillter paper was removed in this manner (Ref-
erence C.4.4).

Alr Force ground crews from the TAU Nuclear Applications Section recovered
the samples. Thelr cunmulative radlation exposure rose as HARDTACK provressed,
To avold the loss of these kesy personnel, CTG 7.4 requested that thelr author-
1zed exposure be increased from 5 R to 10 R:; hls request was approvesd (Refer-
ence C.4.2, p. 136).
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No details on removal of the samples from the WB-50 ailrcraft thar gsupported
Project 2.8b are avallable, but presumably the procedures were simiiar to those
for recovering the wingtip samples from the B-57 ailrcrart.

Detalls on removal of the gas bottles are not avallable, but tiws radlatilon
exposure potential for personnel probably was significantly less than for par-
ticulate sample r»moval. In Operation REDWING (1956), recovery time for the
gas bottles was typlcally less than 2 minutes because of the quick-dlsconnect
couplings used.

Radiochemical Samples

Radiochemistry laboratory trallers were located on both Enewetak and Bikini
atolls. These facillties did not perform detalled radiochemistry studies:; they
were for onsite support such as checking potable water and swimming areas to
ensure task qroup personnel safety. For other radicchemistry studles, samples
were collected and shipped to LASL and UCRL in the United States by Military
Alr Transport Service (MATS) alrcraft. JTF 7 Operations Plan 1-58 specified
that transportation of radicactive material to and from the forward area be in
accordance with AEC requlations for escorted shipment of such material (Refer -
ence B.0.1).

Redicactive samples in each sample-return flight were accompanied to their
destination by a sample-return officer who also acted as aircraft radsafe mon-
itor. Before departure, each sample-return officer was given a survey instru-
ment, f£ilm badges, and a TG 7.4 course of instruction. He would issue, and
record issuance of, badges to the aircrew and any passengers and collect the
badges as they deplaned.

Radioactive samples to be shipped were to be properly packaged and marked
and stored aboard the ailrcraft in a way that minimized personnel exposure.
After the samples were loaded. TG 7.4 radsafe personnel and the sample-return
officer would inspect and monitor the aircraft and, based on radiation read-
ings, mark an isolatlion area on the floor. The CYG 7.4 criterion was 0.02 R/hr.
but the isclation area was marked more stringently at 0.0] R/hr (Reference
C.4.1., pp. 136-139). All personnel aboard the plane wete to be made aware that
the cargo was radiocactive and that they were to remain outside the isolation
area.

Decontamination

Radiological decontamination of personnel, equipment, aircraft, ships. and
land areas was required during HARDTACK. In general., decontamination was re-
quired wlien the contamination exceeded the established MPLs.

PERSONNEL. Personnel decontamination was required when radiation levels
exceeded 0.007 R/hr (beta plus gamma) or 500 CPM alpha (55-cm® probe) for
outer clothing or 0.001 R/hr (gamma) or 100 CPM alpha (55~cm? probe) on skin
or underclething (See Appendix 1),

All personnel returning from radex areas were monitored at the checkpoints.
If contaminated, they were prcressed through the personnel decontamination
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statlicu adjacent to the Radsafe Center. Thelr protective clothing was deposjitad
into receptacles in the contamlnated side of the decontamination center. After
showering, they were monitored again, and 1f found uncontaminated. proceeded
to the clean side of the decontamination center to dress (Reference C.5.3).

Approximately 6,200 individuals were processed through Enewetak Atoll
checkpolnts, of which 860 were processed through the personnel decontamination
station on Parry Island. H&N provided laundry services for the protective
clothing. Identical decontamination facilitles were located on Eneu Island,
and 1,200 people were processed through the facility for Bikini operations.
Laundry faclilities were provided aboard an H&N barge. For WAHOO and UMBRELLA,
decontamination facilitles were established afloat.

For shots QUINCE and FIG, it was necessary to establish a personnel decon-
tamination station on Runit. Traffic through this decontamination statlon was
very heavy, and it was necessary to move the laundry barge from Bikini to han-
dle the laundry load. Much of the clothing was disposed of because it was too
difficult to reduce the alpha contamination to acceptable levels. Resplirators
and full face masks were cleaned for reus2 but in many cases booties, surgeon
caps and gowns, and coveralls were disposed of (Reference C.1.1685).

EQUIPMENT. Equipment and vehicle contamination MPLs were 0.007 R/hr (gamma
plus beta) or 500 CPM fixed alpha (55-cm2 probe). (When no change in alpha
contamination level coald be observed by checking the swipe o©of a 109-cm?
area, 1t was referred to as fixed alpha.) Respiratory protective devices vere
maintained “eoilr~ 4, contamination level of 0.001 R/hr (beta plus gamma) or 100
CPM alpha (55-:42 probe).

The equipment decontamination station on Parry Island processed 800 items,
including 56 vehicles and 9 helicopters. Numerous pleces of small equipment
were cleaned for the varlous projects and for H&N. For Bikini operations, an
equipment decontamination station that duplicated the Enewetak faclliitles was
located adjacent to the radsafe building. One hundred and five vehicles and
pieces of heavy construction equipment were decontaminated as well as numerocus

pieces of project and H&N equipment. Four aircraft required decontamination
(Reference C.1.1685).

Normal procedure cailed for all heavy equipment returning from shot islands
to be monitored upon removal from beoats and taken to the dec ntamination sta-
tion if necessary. Versene and citric acid were the common decontaminating
agents employed, and a steam generator was used to provide hot solutions for
the necessary washing. In a few instances, when sateam and chemical cleaning
failed, sandblasting was used to reduce the radlioactive contamination to the
permissible level. Materials that could not be decontaminated were placed in
barrels, which were filled with concrete and dumped at sea (Reference C€.5.3).
When equipment was not needed immediately, it was held in an 1solated parking

area before decontamination to allow natural decay to reduce radicactivity
levels (Reference C.1.1685).

AIRCRAFT. In HARDTACK. as in previous operations, contaminated aircraft
were perked in 1solation areas and, if time permitted. allowed to stand to
permit radicactivity to decay. When necessary, aircraft were washed with high-
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pressure water hoses and chemilcals. A general procedure for handling contami-
nated aircraft was {(Reference ©.4.4. pp. 233-23%) as follows:

1. PReturning aircraft (air sampling. cloud tracking. and
ground survey) were taxled by the flight crew to the end
of the runway and parked adjacent to the aircraft decon-
tamination area

2. Flight crews deplaned according to standard operating
procedures established by decontamination personnel

3. A cursory survey of each incoming aircraft was made to
determine the extent and degree of contamination: if the
average contamination level was above 0.02 R/hr, and if
time allowed, the aircraft radiocactivity was allowed to
decay to this level

4. Prior to decontamination, the aircraft was towed to the
designated washing area, which was selected so as to avoid
secondary contamination of other aircraft or personnel

5. A detalled exterlor survey of aircraft was made before
any decontamination operation and the resgsulits recorded on
appropriate forms or sketches showing beta plus gamma and
gamma readings: the same survey was made and recorded for
each crew positinn,

When monitoring, intensity readings were taken approximately 1 inch (2.5
cm) from the alrcraft surface beilng monitored. Instrument probes were fitted
with l-inch (2.5-cm) wire offsets to aid in standardization of readings and to
minimize the time devoted to each reading.

The techniques were time consuming and required great care. The first wash-
ing was done with decontamination trucks using 1 peund (0,45 kg) of detergent
for each 100 gallons (379 liters) of water. The monitoring procedures were
repeated. The second washing (if required) consisted of a mixture of one part
“gunk"” and three parts kerosene followed by a water and detergent rinse. Moni-
toring procedures were ogaln repeated. If time permitted, and if required. a
final washing used water and detergent,

During application of the decontamination agents, precautions were taken
to avoild spreading contamination. The runoff area was monitored and, if neces-
sary., outlined and marked as a contaminated area.

All personnel entering the aircraft decontamination area were processed
first through the personnel decontamination center and 1issued hats. gloves,
coveralls, and shoes. When departing the ailrcraft decontamination area, per-
sonnel were reprocessed through the personnel decontamination center according
to the standard procedures.

As HARDTACK progressed, the radiation exposures of alrcraft maintenance
personnel rapidly approached the MPE 1limits. CTG 7.4 requested, and was
granted, permission to change the allowable exposure iimit of maintenance per-
sonnel from S R to B R for the operation (Reference C.4.1, p. 36).
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NAVAL AIRCRAFT AND SHIPS. Radsafe preparations were =axtensive for the naval
alrcraft of VP-28. A radsafe officer and his assistants were designated on
October 21, 1957, and the squadron began collecting radsafe supplies and equip-
ment and sending officers and men to courses and lectures. A 20~man decontami-
nation team., plus 6 offlcers and 1 petty officer, was established. Ventllating
&ir duectg in the aircraft were sealed to prevent internal contamination, and
100 peicent oxygen was recommendsd for breathling in contaminated areas. Flight
crews, decontamlnation teams, and radiac repalr teams were issued film badges
and protective gear. Alicraft decontamination was done with fresh water., The
June VP-28 Op Phase Repo.:t {(Reference C.3.3.29) states that:

The stubborn places [on alrcraft] to decontaminate are the
englnes and radar dome. The aircraft have been returning in
the evening and have parked until the next morning before
decontamination procedures were initilated. . . . Malntenance
personnel were warned. Dosinmeters were Iissued to personnel
working on the ongine and they were monltored when they were
finished.

Returning alrcraft werelinstructed to fly through rain c¢louds when possi-
ble. By thiz method one aircraft reduced its inside intensity reading from
0.09 to 0.002 R/hr.

Some task force ships were significantly contaminated once following FIR
ancd KOA when the fallout clouds of these two shots Iintermingled, On this occa-
sion the washdown systems were emploved with satisfactory results. Extent of
this contamination and the ships involved are discussed in Chapter 4.

A special decontamination unit was organized and trained to decontaminate
the target ships for WAHOO and UMBRELLA. No particular difficulties were en-
countered; the unit carried out its tasks well (Reference C.3.1). Since the
contamination levels were considerably less than those expected, a large num—
ber of decontamination personnel was not necessary.

Decontamination of tagsk force ships followed practices of earlier nuclear
tests, The standard technique was the operatlion of a ship's washdown equipment
during the period of fallout so that the contaminants would not have a chance
to adhere to the ship's structure, followed up by monitoring of the ship to
indicate places requiring high-pressure water-hosing and brushing.

In actuating washdown systems in response to instrument readings indicating
the presence of radicactivity, units were warned to first check that the read-
ings did not increase in the superstructure, which would indicate that the
radioactive material was in the seawater surrounding the ship. Use of the wash-
down systemm was not appropriate under these circumstances, as it used the sea-
water and would thus worsen the situation it was meant to alleviate (Reference
B.3.3, 15-18 [WAHOQ] and 27-58 [UMBRELLA]).

The use of high-pressure hosing also required that care be exercised to
keep personnel and nearby ships upwind so that the resulting spray would not
come in contact with decontamination personnel or other ships. Decontamination
of a task force ship remained the responsibility of its own crew, but technical
assistance was always avai“able from the TG 7.3 Decontamination Unit. The
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officer-in-charge of this unit was always avallable during shot operations at
the APA decontamination center and could be contacted by a swecial radio link
(Reference B.3.3, 15-58 [WAHOO] and 27-58 [UMBRELLAJ).

LAND AREAS. A large area on Runit Island was heavily contaminated with
alpha from QUINCE. Since the same area had to be used for FIG, it was neces~

sary to partlally decontaminate the land area. This 1s further described in
Chapter 4.

MACK PHOTO TCWER. The Mack Photo Tower on Unibor in Enewetak Lagoon was
subjected to radiocactive fallout from several shots during the operation, and
several attempts were made to decrease lts radlation intensity.

Oon 16 May 1958, the tower had gamma radlation levels up to 5 R/hr. Using a
firetruck on an LCU. the fire department attempted to lower the radiation level
to a permissible level by hosing down the tower. However, the radiation level
could not be reduced to less than 1 R/hr. On 22 May, the tower was hosed down
again, but the east side of the tower still showed gamma readings of 1 R/hr.
on 1 June, the tower was washed down with water and scrubbed with brushes, and
the maximum reading on the east side was .45 R/hr.

To protect the tower from further fallout, a disposable canvas cover was
placed over the top cab of the tower and a tent over the generators on the
lower platform. On subseouent shots, the gamma intensities were reduced gome-
wiat; hovever, SCAEVOLA contaminated both the lower and upper cabs with alpha-
emitting waterial. At the close of the operation, the tower was again washed

down, and the radiation intensities were 0.08 R/hr (gamma) and 50,000 CpPM
alpha (55-cm? probe) (Reference C.5.3).
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CHAPTER 3
DOD EXPERIMENTAL PARTICIPATION

The experimental program for Operation HARDTACK focused on testing nuclear
weapons developed by the Los Alamos Scilentific Laboratory (LASL) and the Uni-
versity of Californla Radlation Laboratory at Livermore (UCRL). Interest in
effects experiments was high, however, and the Department of Defense (DOD)
sponsored five HARDTACK shots that were primarily concerned with effects exper-
inents., Within the Joint Task Force 7 (JTF 7) organization this experimental
program was managed and supervised by the sclentific task group (Task Group
{TG] 7.1). The DOD contributed both to weapon development and to effects exper-
imerts, with most of the participation in the effects experiments.

TG 7.1 was subdivided into task units that conducted their respective pro- 1
grams. Each of the Atomic Energy Commission (AEC) weapon development labora- '
tories had a task unit that conducted 1its own experiments, with support for
these experiments provided by additicnal task units.

Experiments for LASL were conducted by Task Unit (TY) 7.1.1, and TU 7.1.,2
conducted the experiments for UCRL. TU 7.1.3 conducted weapon effects tests .
for the DOD., TU 7.1.4, TU 7.1.5. and TU 7.1.6 provided support services for i
both weapon development laboratories and for TG 7.1 as a whole. The predicted
operational strength of DOD personnel participation 1s given in Table 7.

WEAPON DEVELOPMENT EXPERIMENTS

DOD participation in HARDTACK weapon development experiments included cloud
sampler alrcraft and aircrews for TU 7.1.1 and TU 7.1.2., staffing one TU 7.1.1 X
project by the Naval Research Laboratory (NRL)., and performing many other sup- :
port actlvities such as aircraft and ship patrols, securlty, instrumentation
placement and recovery, and radicactive sample return.

Projlects 11.2 and 21.2 -- Alrcraft Sampling

Agencies: 4926th Squadron, Kirtland AFB

4025th Strategic Reconnalssance Squadron, Strategic Alr
Command (SAC)

Operations: Twc-place B-57Bs from the 4926th and singie-place SAC B-57Ds §
from the 4025th penetrated detonation clouds to collect weapon debris sam-

ples for analysis by LASL and UCRL. In the 33 events that cloud sampling

was attempted, samplers flew 240 missions and logged 1,635 flying hours
{Referance C.4.3, pp. 189-190), shot-by—shot sampling for HARDTACK is gilven

in Table 8. The B-57D was new to nuclear testing and allowed sampling at :
higher altitudes. Figure 28 shows a B-57D 1n flight and a close-up view of '
the collection filter fitted behind the nose of the wingtip pod. The poten- !
tial for radiation exposure was high for both alrcraft crews and ground
crews handling the aircraft.
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Table 7.

Task Group 7.1 operational strength at Eniwetok Proving Ground,

1958.
Military
Enlisted Operational
Unit Officers Mer Civilian Location
Hq Task Group 7.1 31 71 39 Parry and Hawat?
Task Unit 1 (Los Alamos 1 16 169 Parry
Scientific Laboratory)
Task Unit 2 (University of 3 192 Parry
California Radiation Laboratory)
Task Unit 3 (Department of Defense) 68 141 458 Parry
7 1 Kusate
1 2 14 Wotho
3 2 Kwajalein
1 5 Rongelap
4 Wake
Task Unit 4 97 Parry
{Sandia Corporation) 2 Kwajalein
2 Rongelap
Task Unit 5 (Edgerton, 166 Parry
Germeshausen & fSrier)
Task Unit 6 (Radiological Safety) 24 76 3 Parry
Task Unit 7 (United Nations Shot) - - -
Program 40 3 Parry
(Radiological Survey)d 2 Rongelap
2 Kwajalein
Total 129 323 1,154
Note:
aConducted by the Laboratory of Radilation Biology, University of Washington.
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Table 8. HARDTACK B-57 cloud sampler missions.

Number of i
Aircraft Altitude I
Max imum Minimum
Shot B-578 B-570 {feat)  (km) (feet)  {km)
YUCCA ? ? - -— - -—
CACTUS 4 1 13,800 4,21 10,000 3.05
FIR 3 3 48,000 14,63 8,00028 2,442
BUTTERNUT 5 3 27,500 8.38 15,000 4.47
KOA & 2 49,000 14.93 5,0002 1.s524
WAHOO 2 0 3,000 0.91 1,400 0.43
HOLLY 2 2 12,000 3.66 4,000 1,22 :
NUTMEG 6 0 18,000 5.49 6,000 1.83 ;
YELLOWWOOD 4 2 45,000 13.72 88,0008 2,442 ]
MAGNOLIA 4 0 38,000 11.58 14,000 4.27 )
TOBACCO 4 o 18,000 5.49 9,000 .74 '
SYCAMORE 5 1 43,500 13.26 2,700 0.82 %
ROSE 4 0 15,000 4.57 4,500 1.37 !
UMBRELLA 2 0 850 0.26 300 0.09 i
MAPLE 4 2 47,000 14.32 12,0003 3.66% ]
ASPEN 5 i 52,000 15.85 15,000 4.57 )
WALNUT 4 2 46,000 14.02 3,0002 0,914 :
LINDEN 4 0 17,000 5.15 5,000 1.52 2
REDWOOD 4 ] 49,000 14.93 9,5002 2.909 ;
ELDER 3 2 49,500 15.09 5,0002 1.529 .
OAK 4 4 52,500 16.00 5,000 1.s52d |
HICKORY 4 0 23,000 7.01 3,000 2.74 .
SEQUOIA 4 0 13,500 4.1 8,500 2.59 .
CEDAR 3 3 49,000 14.93 10,0002 3.05% .
DOGWOOD 3 4 51,000 15.54 9,0002 2.742 .
- POPLAR 2 4 50,000 15.24 2,000% 0.618 3
. - SCAEVOLA 1 0 1,500 0.46 1,500 0.46 |
o~ PISONIA 3 2 48,000 14.63 3,000 0.912 :
.l JUNIPER 4 ] 47,000 14.32 14,000 4.27 ;
an OLIVE 4 2 50,000 15.24 8,000% 2.442 :
Y PINE 4 2 52,500 16.00  8,0002 2.443 :
“3 QUINCE 1 0 800 0.24 400 0.12 .
— FIG 2 4,500 1.37 3,900 1.19 |
N Note: :

a
Base o7 cloud (top of stem).
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. Figure 28. B-570 sampler, HARDTACK; close-up view of collection filter
E% ' unit inset.
o Shots: All except TEAX and ORANGE.
N
e gtaffing: Strength of the Test Alrcraft Unit (TAU) of TG 7.4, the unit that
o conducted the sampling, peaked at 238. Exposures for 49 of these personnel
N are given in Table 9.
b
Ll
"‘Si Project 18.1 -- Power-Time and Total-Thermal Measurements
.q-
. Agency: Naval Research Laboratory (NRL)
=
: .Q Operations: Ground-based thermal measurements were made from Johnston
- S Island,
i
Staffing: Twenty-nine NRL personnel were badged as part of Tu 7.1.1; their
N exposures are given in Table 9. Maximum individual exposure was 1.878 R,
..’ but this figure cannot be attributed to the documented tasks of Project
:;4 18.1, nor to Projects 2.6 or 2.7, the other two projects with NRL per-
"\j sonnel.
. ™
A
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Table 9. HARDTACK personnel exposure, Department of Uefense sclentific
experiments.

No. of Exposure Ranges (R)a
PFersons
Etement Radged 0 §.001-0.5 8.6-7 1.1.5 1.§.2 2-2.5 2.5-3 3-4 4.5 5-10 106-15

WEAPON DEVELOPMENT EXPERIMENTS

Atrcraft Sampler
Crews 43 1 3 2 1 3 2 1 H 1 27 [

Project 18.1 29 17 9 2 ] 1
Total Weapon Develop-
ment Experiments 18 18 12 ’ 4 1 4 2 1 2 i 27 [

EFFECTS EXPERIMENTS

Project 1.1 26 o 0 1 18 9 1
1.2 7 [+} 4] 3 4
1.3 F 2
1.4 1 1
1.5 2 2
1.6 2 1 1
1.7 16 2 1 +] 4 7 2
1.8 9 1 1] 3 5
1.9 2 1 1
1.10 2 1 1
1.1 3 1
1.12 4 1 1 1 1
1.13 4 3 1
Program 1 Total ;14 2 2 14 a3 12 3 4 7 3
Project 2.1 4 3 1
2.2 9 2 1 [
2.3 18 2 12 3 1
2.4 13 ] 2 1 1
2.4a 4 1 1 1 1
4 2.6 6 4 2
" 27 Shared personnel with Praject 2.6
o 2.8 14 2 e ! 2 7 1
3 2.10 1 1
A 2.14 2 2
i3 Program 2 Total 63 6 8 5 29 5 5 2 1 1 1
?:‘ Note:
o M ‘
?ﬁ. Basic Maximum Permissible Exposure (MPE) -~ § R for the operation. Special MPE for ailr samplers was 10 R.
i {continued}
o
i “'Sﬁ
é{%
e
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Table 9. HARDTACK personnel exposure, Department of Defense scientific
experiments (continued).

No, of Exposure Ranges (R)‘
Persons —
Element Badged g 0.801-0.% 0.5-1 1-1.8 1.5-2 2-2.% 2.5-3 -4 4.5 5-10 18-35
Project 3.2 4 2 2
3.3 12 3 5 1
3.4 L) 4
3.5 Shared perscnnel with Project 3.3
3.6 3 1 1 1
3.7 1 1
3.8 10 1 Q 1
Program 3 Total 34 b 8 13 2 3 1 1
Project &.1 1 1
Project 5.7 1 h]
5.2 6 1 1 2 1 1
5.3 5 1 1 1 2
Program 5 Total 12 1 2 3 1 1
Project 6.3 2 2
6.3a 1 3
6.5 3 1 Y 1
6.6 3 2
6.7 2 2
6.8 3 3
6.9 4 2 2
6.10 3 3
6.12 2 1 1
Program & Total 23 6 4 5 5 2 1
Project 8.1 4 1 3
8.2 4 1 3
8.4 3 3
8.6 7 1 3 2 1
8.7 6 4 1 1
Program 8 Total 24 5 7 4 4 3 1
Project 9.13d 1 1
9.2a 5 3 2
9.2b 4 4
Program 9 Total 10 ] 2
Total Effects
Experiments 247 27 29 40 87 27 n 7 15 5 2
TOTAL ALL PERSONNEL
000 EXPERIMENTS 325 45 41 44 :1:} 29 13 8 17 6 24 [
Nate:
aBls\c Maximum Permissible Exposurs (MPE) -- 5 R for the operatton. Speclal MPE for air samplers was 10 R.

Source: (Consolidated List of Expusyres (Reference C.1.6.3}).




EFFECTS EXPERIMENTS

™ 7.1.3, activated ar the Eniwetok Proving Ground (EPG) on 15 Marzh 1958,
wag organized to conduct wesapon effects tests under the operational control of
CTG 7.1, and the technical direction of Chief, Rrmed Forces Special Weapons
Project (AFSWP). The staff for Operation HARDTACK was furnished by Field Com- :
mand, AFSWP. with a small number of personnel from Headquarters, AFSWP, and '
from various armed services upon request from the Chief, AFSWP. Project per—
sonnel came from stae L7 different oivganizations and participating agencies.
The peak strength of TU 7.1.3 waz reached on 12 April 1958 wiien 665 personnel
assigned to it were in the EPG. Altogether, approximately 700 personnel par-
ticipated in TU 7.1.3 effects experiments in HARDTACK.

“*he following tasks were assigned to TU 7.1.3:

1, Design and carry out experiments to determine the milil- .
tary effects of nuclear detonations as required by DOD !

2. Review and approve construction and support requirements
of the military effects program

3. Coordinate ‘he operations associated with the firing of
the DOD devices to assure optimum results for the special
effects studles

4. Prepare technical reports of the military effects pro-
grams,

The effects experiments of TU 7.1.3 were conducted by projects that were
grouped togetler into programs. These programs and thelr projects are discussed
below: information it project operations pertinent to radiological exposures ;
is emphasized. Details of the various projects were documented in weapons test ‘
reports, which are referenced in the project descriptions. Actual exposure i
infyrmation, drawn from the Consolidated List of Exposures (Reference C.1.6.3),
is provided in Table 9 for those badged personnel who have been 1dent1£:led as
having participated in TU 7.1.3 project activity.

WD ARG A N A e v

Program 1 -- Blast and Shock Measurements
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The blast and shock program was designed to document information on shock !
parameters in the propagation of the blast wave incident on and through the )
media of air, ground, and water. Thls program was composed of 13 projects.
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Project 1.1 ~-- Underwater Pressure Measurements

Agercies: Naval Ordnance Laboratory (NOL)
Army Waterways Experiment Station (WES)

operations: Self-contained gauges were suspended on lines from unmanned,
moored target ships at variocus depths and distances from surface zero of
the underwater shots, WAHOO and UMBRELLA. The target ships were three non-

e, commissioned destroyers (Fullam [DD-474]. Howorth ([DD-592]. and Kililen !
';: [DD-593]), & tug (USS Chowanac [ATF-100]), miscellanecus units (83 Michael ‘
e, E. Moran [BC-2], LCM-22, LCM-$2, YC~1, YFNB-12), and barges 17, 21, and .
b
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55. Operations required retrieval of the gauges after the sghots. Project
personnel were in the target-vessel area on the day following WAHOO but
could not complete their activity due to the “"level of radicactivity."” Cne
day after UMBRELLA, project personnel recovered gauges in the target area
also.

Shots: WAHOO. UMBRELLA.

staffing: The project report lidentifies 22 NOL and 4 WES personnel: thelr
exposures are given in Table 9, Most exposures were less than 1.5 R and
only one was in the 2 to 2.5 R range.

Prolect Report: Reference €,1.1606.

Project 1.2 -- Alr Blast Measurements
Agency: Naval Ordnance Laboratory (NOL)

Operations: The objective was to determine airblast overpressures for the
two underwater shotg. Tethered balloons (Figure 29). surface stations, and
rockets were used for instrument locations. ae curface stations were on
target ships. The rockets were fired remotely from Mut Island for WAHOO
and UMBRELLA, and from Howorth for UMBRELLA only. The gauges on the bal-
loons and the rockets were self-reccrding and required retrieval. The sur-
face stations had both self-recording gauges and gauges that telemetered
the information to a remote recording site.

Balloon recovery was not permitted until the day following the shots.
Rocket recovery “commenced immediately after the [UMBRELLA] shot.” Three
1LCMs, one LCU, and one DUKW, which arrived in the "probable impact area by
H+1 hour,"” searched for the rockets, assisted by an L-20 and an H-21. The
area the surface vessels were in 1s not clear, but presumably they would
have been radiologically cleared. The position ¢f the rockets at burst time
appears to have been about 4,000 feet (1.2 km) northeast of the burst.
Thelir parachute-borne descent was affected by the low-altitude winds. An
LCU used by the project as a photo station about 20,000 feet (6.1 km) east-
northeast of the surface zero was probably the LCU used in rocket-recovery
operations. Other ships involved in controlling the search were USS Lansing
(DER-388). some 30,000 feet (9.1 km) east-northeast of surface zero, and
USS Joyce (DER-317), about 30,000 feet (9.1 km) north-northwest.

shots: WAHOO, UMBRELLA.

Staffing: Seven cilvilians from NOL can be identified as participants in
the fileld portion of the project. Their exposures are glven in Table 9.

Proiect Report: Reference C.1.1607.

Proje-t 1.3 —- Surface Phenomena Measurements

Agency: Naval Ordnance Laboratory (NOL)
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Figure 29. Project 1.2 balloon in LCU inflated for ratsing, HARDTACK.

Opera:ziong: The primary objective was to wweasure the formation, growth,
and dissipation of visible surface phenomena such as the spray dome, plume,
and Pkase surge. Photographic data were obtalned from camera statlons on
Parry and Ikuren., from USS Mansfield (DD-728), LCU-479 and LCU-1123, and
from alrcraft. A secondary objective was measurewent of temperature and
humidity in the base surge by placing sensors and recorders on the target
ships described in Project l.i. Loockout Mountain Laboratory and Edgerton,
Germeshausen, and Grler, Inc. (EG&G) operated cameras from three C-54
photo aircraft (voice calls, Pewter-1, -2, and -3) and an RB-50 (EG&G
only). The C-54s flew at altitudes of 1,500 to 10,000 feet (457 meters to
3.05 km), and the RB-50 was at 24,000 feet (7.32 km). The surface photo-

graphic data from Ikuren, LCU-479, and LCU-1123 were obtained with un-
manned cameras.

Recovery of the temperature and humidity sensors and recorders from
the target array was a potential scurce of exposure. The project report
states that following WAHOO. "a8 soon as the instrumented statons were
declared radiolcgically safe." the equipment was removed. "All elements,
shields, and cables used on Shot WAHOO were discarded because of contaml-
nation and were replaced for Shot UMBRELLA."
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ghots: WAHOO, UMBRELLA.

Staffing: The project report identifies five NOL clvilians as partlicipants
N but only two appear on the Consolidated List. One of these two is the proj-
ect officer, who was also project officer for Project 1.1, Probably the

3 only fleld activity that project personnel undertook involved placement
and retrieval of the temperature and humidity sensors on the target array.

Pro t Report: Reference C.1.1608.

project 1.4 —- Land Crater Measurements

Agencies: Army Engineer Research & Development Laboratories
Holmes & Narver, Inc. (H&N)

Operations: The objective of this project was to measure physical charac-
teristics of the apparent crater and lip from those shots detonated close
to the ground or water surface., Physlcal characteristics of the craters
were measured by photogrammetric techniques, lead-line soundings. and sur-
veys. An RB-50 aircrait, probably from the 137lst Photo Mapping Squadroh,
equipped with a camera was used to make the mapping runs. Surveys were
done by H&N. Pre~ and postshot ground survey measurements were made on
radii from surface zero out to 500 feet (152 meters) for CACTUS and from
surface zero to 2,500 feet (762 meters) for KOA. A postshot survey of sur-
face zero was made for FIG. Detailed crater measurements of CACTUS and KOA
could not be made until radiation levels were low enough to permit safe
reentry of survey crews. A boat was used for surveys of shot KOA (on D+4)
and the underwater craters formed by the barge events. Some survey activity
was not attempted until 1959 because of the KOA crater radloactivity.

Shots: CACTUS, BUTTERNUT, KOA, HOLLY, YELLOWWOOD, LINDEN, OAK, FIG.

gtaffing: The project officer is 1identified in the project report: his
exposure is recorded on the Consclidated List as 2.38 R.

Project Report: Reference C.1.1609,

-3, Project 1.5 -~ Free Fileld Pressure Neasurements

3:‘

=¢‘;5 Agency: Navy Electronics Laboratory (NEL)

ﬁ";\

B

o Operationg: lLike Project 1.1. instrumentation for this project was strung
oh underwater lines from the targset ships. ta were telemetered from one
:’.5 of the strings of instruments or were recorded at the surface on the tar-
XN get ships.

-]

\-:»g Recovery of the recorded data required “selected project personnel” to
AN go via LCM to the target barges and the target Killen, but “"because of ra-
: diation levels encountered” they were turned back until the next day. As
e the project participated in only this one event, the exposures accrued for

& the series must have been only in these operations.
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Shot: WAHOG.

§
Staffing: Four NEL civilians are identified in the project report, but "
only two appear on the Consolidated Ligt. Their badges registered batween
0.5 and 1 R.
Project Report: Reference C.1.1610. i
. -

Project 1.6 ~- Water wave Measurements

Agency: Scripps Institutlion of Oceanography (SI0)

Al
Operations: ObJectives were to study wave generation mechanisms for the i
£ two underwater shots and to examine terminal effects of these waves by -
é inundation studies. Instrumentation consisted of various types of under-— .
g water pressure-time recorders, shipboard-mounted inclinometers, cameras, B
\f and on-shore inundation gauges, PFor shot WAHOC, deep-moored, unmanned, .
k-4 floating instrument stations (coracles) were used. .
Exposure was primarily associated with recovery of instrumentation. A i
2 close-in., submerged recorder was recovered the day after UMBRELLA. Two o
' others were recovered after 400 dives during the following 2 weeks. n
. W
EA e
& ghots: WAHOO, UMBRELLA. R
Y

gtaffiing: Three SI0 men are ldentified in the project report. but only two
are on the Consolidated lList. The higher reading was between 2 and 2.5 R.

SR,

Project Report: Reference C,1.1611.

IR A MW ik

.o u? .
i :
b Project i.7 -~ Air Blast Heasurements Ior Surface Shots i
Agency: Ballis:ic Research L buiastories .
. Operations: This project obtalned sirbiast measurements for the surface \

. bursts CACTUS, KOA, FIG., and QUINCE. The project also supplied ailrblast ;;

] instrumentation for several structures experiments. Operatlons involved B

_ placemwent and recovery of blast gauges near the surface zZeroes. Instrument -
I locations are summarlzed in Table 10. The radiation exposure potential was -
4 high because of the large number of Iinstruments required to be recovered K
and replaced near surface zero locatlions. More than half of the project .
9 personnel were exposed to more than 2 R and three equalleu or exceeded the .
3.75 R quarterly limit. Ei
& shotg: CACTUS., FIR, BUTTERNUT, KOA, HOLLY., NUTMEG, VELLOWWOOD, MAGNOLIA. .
3 TOBACCO, SYCAMORE., ROSE, MAPLE, ASPEN., WALNUT. ELDER, POPLAR, TEAK, QUINCE.
3 ORANGE, FIG. ,::
g

Y Staffing: Project personnel inciuded 24 people. 4 of whom were Army, Only é

sixteen are on the Consolidated List. ":

Project Report: Reference C.1.1612.
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Table 10. Location of Project 1.7 and Project-1.7-rzlated experiments,
HARDTACK.
&
Distance to Distance to
Instrument Ground Zero Instrument Ground Zera
Shot t.ocations {feet) {km} Shot tocations {feet) {km)
CACTUS Runit 470.7,860 0.14-2.40 MAGNOLIA Billae 19,313 5.89
Billae 14,170 4,32 Anani 29,677 9.05
Biitre 25,000 1.62 Parry 107,72% 32.83
Ananiy 35,598 10.85
Parry £6 406 17.19 TOBACCO fniebt 3.996-5,1394 1.22-1.95%
Bijire 37,803 11.55
fFiIR Nam 5,715-.5,826 t.74-1.78 3911ae 45,668 13.92
Runit 64,832 18.76
BUTTERNUT Billae 19,500 5.96 Parry 107,927 3z2.90
Ananij 29,704 9.05 Ergwetak 120,000 36.58
Bijire 29,910 9.12
Parry 51,087 15.66 SYCAMORE Nam $,715.5,826 1.74-1.18
gokoluo 80,062 24.40 Aerokol 83,446 25.43
Eney 127,99 37.18
KDA Bokatdrikdrik 1,550-3,358 6.47-1.02
Soken 3,7871-6,024 1.14.1.84 ROSE Billae 19,550 5.96
Bokoluo 204331 6.38 Bijire 29,910 g9.12
Bilire 47,542 14,49 Parry 51,037 15.56
8i1lae §§,237 16.84 Enewetak 63,081 21.06
Runit 74,132 22.60
Anant} 100, 496 30.63 MAPLL Aerokol 19,580 5.96
Parry 118,929 35.34 Eneu 82,917 25.29
HOLLY Billae 19,125 5.83 ASPEN Nam $,.715-5,826 1.74-1.78
Anani} 29,684 9.06
Parry 51,847 15.80 WALNUT Enjebt 5,995-8,254 1.83-2.52
NUTMEG Eneman 638 ¢.19 ELDER Enjebs 3,996 1.22
Agroko] 14,075 4.29
Eneu 68,054 20.74 POPLAR Nam 5,718 1.74
YELLOWWOOD Enjebd 5,985.8,254 1.83.2.62 QUINCE Runtt 40-700 0.012-0.21
Bijtle 38,940 11,87
[ N% ] B1llae 46,418 14,15 FIG Runit 40-700 0.012-0.21
:%’% Runit b%,293 19.90
YA Ananii 91,967 28.03
Q& Parry 107,725 32.83
!gA

Project 1.8 -- Structural and Ground Motion

Sy 17

-

b

g@ Agency: Stanford Research Institute
Yl

[

Operations: The objective of this project was to measure ground motion pro-
duced by nuclear detonations. Instrumentaticn was burled at varlious ranges
and depths. For CACTUS the records were recovered on D+1 and the control
statlon equipment was recovered on D+3. KOA recovery cccucred on D+3. Data
and equlpment recovery involved work at close-in instrument sites. An in-
strument recovery operation at & KOA site on Boken left steel canisters
behind as they were radiocactive as a result of neutron activation.

Shots: CACTUS, KOA,
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Staffing: The project party consisted of nine people, two arriving on
13 March and seven on 19 March 1958.

Prolect Report: Reference C.1.1613.

Project 1.9 -- Underground Loading Under High Yields

Adencles: Alr Force Special Weapons Center
University of Illinois

Operations: The objective of this project was to study the transmission of
alrblast-induced pressure through soil and the loading produced on buried
structures. Forty-three drums were buried at depths ranging from 0 to 20
feet (6.1 meters) to measure pressure about 3,000 feet (about 914 meters)
from KOR surface zero and 600 feet (183 meters) from CACTUS surface zero.
Data recovery was scheduled for D+3 ut 0900. Four personnel (two H&N and
two TG 7.1) were to depart Parry Island in a helicopter for Runit Island
and remain there for 2 hours for retrieval according to documents (Refer-—
ence B.1.5). However. since the drums were essentlally self-recording
gauges, a hurried recovery was probably not necessary, and actual recovery
operations were cdelayed until considerable radioactive decay had cccurred,
Figure 30 1s a photograph of the recovery operations on 21 July, more than
1 month after the shot.

Shotg: CRCTUS, KOA.

Staffing: Three men, an Air Force officer and two civilians from the
University of Illinois, are identifiled by the project report. The Air
Force offilcer 1s not on the Consolidated List., but the two civilians are,
with exposures of 0.57 and 1.93 R.

Project Report: Reference C.1.1614.

Project 1.10 -— Elast Qverpressure Measurements
Adgency: Alr Force Cambridge Research Center (AFCRC)

Operations: The objective of this project was to measure blast overpres-
sures resulting from the YUCCA detonation. Five canisters were suspended
from the YUCCA balleon by a nylen line.

Shot: YUCCA.

Staffing: Only the project officer, an Air Force Officer, and one civilian
from AFCRC are identified as project personnel. They were badged and their
exposures are given on Tabic 9.

£
.ﬁ
2
. v"i

Project Report: PReference C.1.1615.
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‘ég Figire 30. Project 1.9, HARGTACK, KOA data recovery on Boken Island,
4 21 July 195¢C.
b
3
fi,! Project 1.11 -~ Early Hydrodynamics
-
. Agencies: Armdur Research Foundation
ol Office of Naval Research
&33 Operations: Objectiver were to measure the total energy release and other
??g hydreodvnamic variables of both underwater shots and to determine the effec-
g tive hydrodynamic yield of shot UMBRELLA. This project used pressure
e swltches and a doppler system near surface zero for both shots. Project
g data recovery should not have exposed personnel to radiation, as data were
o3 telemetered.
2
b
3y ghots: WAHCO, UMBRELLA.
Aol o

H Staffing: Four civiliars are noted in the project report, but only three
appear on the Consolidated List.

Project Report: Reference C.1.1616.
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Project 1.12 -- Shock Spectra Studiles

Agenciles: Alr Force Ballistic Missile Division
: TRW--Space Technologies Laboratory

Operations: The objective of this project was to measure directly the dis-
placement shock-spectra near the ground surface of air-induced and yround-
transmitted ground shiocks produced by the blast waves from surface-burst
detonations. Self-contained imechanical yJauges were installed at ground
level from 625 to 965 feet (191 to 204 meters) from CACTUS surface zero on
Runit., and from 3,100 feet to £,450 feet (0.95 to 1.36 km) from KOA sur-
face zero on Boken. Some records wsre ot recoverad until October 1958 by

roject 3.2 personnel. Recovery of heavy Instruments from close-~in sites
requlred some axposure. One person from this project exceeded the 3.75% R
quarterly MOE.

sShotg: CACTUS, KOA.

Staffing: Four civilians identified in the project report are also not™g
on the Consolidated List.

Proiect rt: Reference C.1.1617.

Project 1.13 ~—- Characteristics of Ocean and Bottom for Shots WAHOO

and UMBRELLA, including UMBRELLA Crater

Agencies: Offjce of Naval Rescarch (ONR)
Navy Hydrographic Office (HO)
Universlty of Washington

Operations: The objectives of this project were to conduct a preoperational
oceanographlic, hydrographic, and seismic survey of the sites for shots
WAHOO and UMBRELLA: to provide environmerital data in support of other sci-
entific projects: and to determine the magnltude of the UMBRELLA creceor.
Navy interest Jn underwater cratering was to determine whether such a
weapon could be used to blcck ship channels and make harbors inoperative.
The preoperational work was completed in September and October 1957.

The coperational phase of the work conducted in May and June 1958 in-
cluded oceanographic work by USS Rehoboth (AGS-50) in support »f elther
Project 1.13 or Project 40.1 (Radlological Survey). Personnel from ORR,
HO., and the University of Washington participated in the operational por-

ticn. A TG 7.3 LCM equipped with an echo sounder surveyed the UMBRELLA
crater on D+3.

Preshot survey activities should have resulted in no exposure. Project
activity that could have led to exposure was the postshot (D+3) UMBRELLA
crater survey. LCM-37 1is rnoted as having .made the preshot survey “IJust
prior to shot time," and presumably was the craft used to do the postshot
survey.
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o Shots: WAHOO, UMBRELLA.

s e Staffing: One ONR civillan and three HO civilians are identified in the
B project report and are on the Conssoliidated List. Their exposures are given
in Table 9.

i Proiect Repotrt: Reference C.1.16186.

Program 2 ~- Nuclear Radiation and Effects

This program had four major objectives: (1) to determine the gross radio-
logical hazards resulting from underwater bursts, (2) to collect neutron energy
specteiin data, (3) to measure radiation in the nuclear cloud, and (4) to deter-

. mine the prompt geutron and garma radiation and fallout contamination (Refer~
‘. ence C.1,1682),

ce. ?‘
R
e
N Project 2.1 -- Shipbnard Radiation Vulnerability
. W
“_--i Agencles: Naval kadiological Defense Laboratory (NRDL)
o Tack Element 7.3.1.5 (Target Decontaminatlon Element)
S -
‘“: S Jperstions: The sblectives were to determine the gamma radiation dose and
dose rate historles on and in the three target—array destroyers and in the
3 vater adjacent to the ships. Target~array ships were equipped with operat-
p ing washdown systeoms and were instrumented with f£ilm badges and gamma-~
"‘ § intensity—-time vecorders. 3adges were supplied and processed by TU 7.1.6.
iy Personne. uf the TG 7.3 Radisloglcal Safety and Decontamination Unit, act-
- § ing as TE 7.3.1.5. assisted in the .ihstallation of project instrumentation
© g Aand its recovery.
- Kecovery of the gamma instrumentation and film badges exposed person-
" nel to radiation. The project report does 10t state how soon personnel
X : recovered the instruments and badges, but shows badge values for 24 hours,
R indicating V+1 reentry. Details of reentiy to Howorth, one of the three
JRY target ships, are given under Project 2.2.
"G
, ol Shots: WAHCO, UMDBRELLA.
j& Staffing: Four NRDL civillans are identified in the project report: their
-~q exposures are given in Teble 9. However, personnel of TG 7.3 Radiological
i é& Safety and Decoantamination Unit acting as TE 7.3.1.5 apparently also re-
. gﬁ celved the same exposure.
. 3
w'? : Project Repcrt: Reference C.1.1619.
1? Project 2.2 -- shipboard Contamination Ingress
X
‘jﬁ Agencies: Naval Radiological Defense Laboratory (ARDL)

TE 7.2.1.5 (Target Decontaaination Element)

-.*; Operations: Three ventllated corpertments on the unmsnned, moored, tar-—
ge: dostroyer Howorth were instrumented with f£film badges and recording

1.0




radiation detectors. Its washdown system was operating before and after
both underwater shots. Mice and gulnea pigs were caged in the compartments
to check for any inhalation of radloactive products. TG 7.3 elements as-
sisted in the operations. WAHOO reentry operations took place at H+21:55.
Recovery «f Project 2.2 instruments and also Project 2.1 badges and instru-
mentation that were in shared spaces took 45 minutes. Self-reading pocket
dosimeters reglistered 0.150 R as a maximum,

Post~-UMBRELLA recovery began at H+Z2 when the recovery party turned off
the washdown system that had been running on Howorth. Instrumentation was
recovered, the washdown syster turned back on. and personnel were off the
ship in 45 minutes. No pocket wosimeter reading was greater than 0.2 R.

Shots: WAHOO, UMBRELLA.

Staffing: Five NRDL civillans are identified in the project report, one of
whom was project officer for both Projects 2.1 and 2.2. Four Navy enlisted
men from the TG 7.3 Radiolegical Safety and Decontamination Unit acting as
part of TE 7.3.1.5 were also listed as beirg part of the project, and thelir
exposures have been included with thosze given in Table 9.

Prolect Report: Reference C.1.1620.

Project 2.3 -- Characteristics of the Radiological Environment

_— Agencies: Naval Radiological Defenszse Laboratory {(NRDL)

}‘d Army Signal Englineering Laboratory (SEL)
o
N Operations: The primary objective of this project was to reasure the gamma
}éw field at a number of positions within 10,000 yards (9.1 ka) of each of the
= two underwater nuclear detonations. The gamma field was rmeasured by about
=¢1 20 gamna recorders installed on coracles moored in the lagoon and in the
g%} open sea. R Project 2.3 coracle is shown in Figure 31. Floating film packs
b, (FFPs) (3~foot- [0.9-meter-] square styrofoam floats) were also moored 1in
'3§ the lagoon area and additional FFPs were dropped from aircraft into the
0 lagoon and in the open sea downwind after the UMBRELLA event. Instrumenta-
,51. tion was recovered by helicopter and siurface craft. Sample collection trays
T' were alco placed on the target-array vessels and the coracles.
L;t For WAHOO, 48 FFPs were dropped into the target array from two heli-
ﬁ': copters between H-2 and H-l, the rest of the prolect instrumentation hav-
-;: ing been placed earlisr., A second drop of 17 FFPs was made from an SA-16
;5- at H+l in areas that an aerial survelllance f£light made between H-15 and
i H~1 minutes indicated were areas requiring coverage. At H+l a helicopter
fg retrievex a sample collector from the ¥C-~2 barge in the target array. The
;ﬁ only target ship that could be boarded on the first day was Killen, and at
IQQ H+4:30 project personnel retrieved some samples collected or: this ship.
?i, Project personnel also were on two fleet ocean tugs, USS Munsee (ATF-107)
o and USS Moctobi (ATF-105), and the TG 7.4 AVR looking for and retrieving
= the FFPs after the shot. The ships, however, did not enter the radex area.
L TG 7.4 helicopters spotted for the ships until H+4 (1800 hours), when the
n?: helicopters were required to return to Enewetak. Three coracles were also
;gz recovered by Munsee the first day and the rest the following day. They were
f?
-
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Figure 31. Prolect 2.3 coracle alongside 4 tug, HARDTACK.

all taken tc a project working area on the beach at Parry. On D+2 project
personnel completed recovery and surveyed the target ships.

For UMBRELLA, 14 FFPs were dropped outside the lagoon by TG 7.4 heli-
copters at H~2. The S8A-16 dropped additional FFPs within the lagoon shortly
after the shot, Two Marine Corps helicopters began FFP recovery at H+30
minutes in combination with the 7G 7.4 AVR boat and completed recovery
operations by H+5. Samples were recovered from the target area by TG 7.4
helicopter within 30 minutes of the detonation. The target ships were
reboarded between H+l and H+1:30, and samples were taken by project per-
sonnel. All the coracles were also recovered the first day and taken to
the project work area at Parry.

The project report states that because of "the low degree of radle-
active contamination, no speclial decontamination {[of the coracles] was
necessary.” Radiocactlive samples were also collected., counted, and forwarded
to NRDL for further work. A sample recovery center was set up near Parry
Island alirstrip for this phase of the work 1n order “to maintair proper
contamination control.™
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Shots: WAHOO, UMBRELLA.

Staffing: The project offlcer c¢ites 23 NRDL civilians, including himself, ¢
for project work: however, only 16 of these appear on the Consolidated {
List. Twe men from SEL Jjoined the project as consultants "in the field™ ;
and thelr exposures are included with the project personnel in Table 9. ;
3
|

Project Report: Reference C.l1.1621.

Project 2.4 -~ Neutron Flux Measurements .
Agency: Army Chemical warfare Laboratories (CWL)

Operations: The objective was to measure the neutron flux and dose. Detec-
tors were mounted in steel holders and installed on steel buoys that were
strung together in a line from Boitinwotme toward Enjebi. Each of the 25
buoys was fastened tc a concrete anchor and to a cable on the bottom of
the lagoon. The same line was used for both YELLOWWOOD and WALNUT. Both
shots were fired at the same place. The detectors were placed from 917 to
4,100 yards (0.84 to 3.78 km) from surface zero for both shots.

P

v e LA

All except one station were recovered on D+l by a team of 13 people,
who picked the buoys out of the water with a crane on an LCU and removed
the attachment cable. This project also provided neutron measurements in
support of Project 6.3 (for NUTMEG, MAPLE, HICKORY, and JUNIPER) and Proj-
ect 8.6 (for TEAK and ORANGE)}.

e e w v e e

Contaminated buovs could have caused exposure. The contaminated lagoon
waters were dissipated by the lagoon's circulation so that almost all sur-
face zero sites could be reentered within 24 hours without serious exposure
to the boat crews (Reference C.1.1685). Some of the detectors themselves
were contaminated by radicactive seawater, which complicated the data re-
duction. This should not in itself have been 4 source of exposure to the
project personnel, as the detectors worked on the principle of neutron
activation and were thus expected to be radicactive and would have been
handled accordingiy.

KT S N 4

8hots: YELLOWWOOD. WALNUT.

B L AL KLt RN, T R

Staffing: Five civilians from CWL are identified in the project report.

Project Heport: Reference C.1.1622.

Project 2.4a -- Neutron Flux Measurements I
Agency: Army Chemical wWarfare Laboratories (CWL)

Qperations: The objective was to measure the neutron flux and dose and
gamma dGose. Instrument lines were set up on the land aresa of Runit Island.
Detectors were mounted in steel holders and attached to a cable from 30 to
200 yards (27 to 823 meters) from surface zero. Detectors were also 1a-
stalled on steel buoys in the lagoon at various distances from surface
zZero.

s T e PR LT v, T LT,
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For the QUINCE shot, a balloon was used to support the instrumentation
line almost dQirectly above surface zero, and 13 statlions were instrumented
at glant ranges of 40 to 500 yards (37 to 457 meters).

For the FIG shot, a balloon was tethered on a cable 120 yards (110
meters) from surface zero, and other detectory were installed at slant
ranges from 121 to 410 vards (111 to 375 meters). Detectors on land were
recovered with a tractor that pulled the cable to a noncontaminated area
where the detectors were detached. The time of recovery was scheduled for
H+5 minutes using 10 people. Those detectors at stations on buoy lines
were recovered by two DUKWs. The balloon was winched down following FIG,
but the winch ran cut of gas with the balloon halfway down. After refuel-~
ing the winch motor, the balloon line was brought down and the balloon
gecured; even with this delay, the recovery personnel were out of the
radex area by H+22 minutes.

N -

S
o
X

J
o Shots: QUINCE, FIG.
ol
’\ Staffing: The project report identifies seven CWL civilians, but only four
'fm{“ are listed on the Consolidated List. This project was also active at the
s, Nevada Test Site (NTS) during this time. and perhaps the three men not on
e the Consolidated List were only at NTS.
o
N Project Report: Reference C.1.1679.
o
Project 2.6 -- Neutron Measurements
)
s
}\j Agency: Naval Research Laboratory (NRL)
o

L4

2

cperations: The ojective was to measure neutron flux versus range from
high-altitude nuclear detonations. Pods carrying detectors were eljected
from the Redstone dellver missiles for TEAK and ORANGE. These detectors
then aelectronically recorded and telemetered the information to ground

i
R o,

i
5

"I

a0

'I'i

stations.
o Shots: TEAK, ORANGE.

'ﬁi

Staffing: Nine NRL civilians are cited in the project report. but three of

these are not cited in the Consolidated List. The exposures were all either
g zero or less than 0.5 R.
NN
?:."3 Project Report: Reference C.1.1623,
o
A Project 2.7 -- Prompt Nuclear Radiation Measurements
oo
e
;":.:- Agency: Naval Research Laboratory (NRL)
o,
"‘ L Operations: The objective was to measure. analyze. and report the 4initial

nuclear radiations from the YUCCA high-altitude detonation. Detectors
placed in a canister suspended from the shot balloon electronically re-
corded and transmitted data to surface stations.

b Shot: YUCCA.
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staffing: Right NRL civilians participated, of whom only six are on the
Conaolidated L.ist. These 3ix were also the Project 2.6 personnel.

Project Report: Reference C.1.1624.

Project 2.8 -~ Fallout Measurements by Alrcraft and Rocket Sampling

Agencies: Naval Radiologlical Defense Laboratory (NRDL)
tniversity of California Radiation Laboratory (UCRL)
Los Alamos Sclentific Laboratory {(LASL)

Operations: The objective was to determine the relative contribution of
selected radionuclides to both local and worldwide fallout by ceollection
and analysis of cloud samples. Early cloud samples were collected with
newly developed UCRL rocket samplers. B-570 and WB-50 aircraft collected
fallout at high and low altitudes supervised by personnel of NRDL. Figure
28 shows the B-57D and sampling collectors shared with weapon development
experiment Projects ll.1 and 21.2. Figure 32 shows one of the WB-50s5 used
for the low-altitude sampling. Gas and particulates of the residual cloud
were sampled with B-57 aircraft under the technical direction of LASL per-
sonnel. Particulate samples were collected &t various times after the
detonation, based on forecasts by the Fallout Prediction Unit. These col-
lections were made at an altitude of 1,000 feet (305 meters) by WB-50
alrcraft between H+4 and H+24. Rocket samples were not collected during

o~
-
%
o
‘t“;
42 ‘_,a
4 \
4
...;: Figure 32. Project 2.8 WB-50 sampler, HARDTACK.
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KOA and WALNUT due to technical difficulties, and the attempt was cancelled BEY
jw before OAK. Proilecr rockets were also filred during CACTUS and YELLOWWOOD 'é
X for system checks and nogecon® recovery practice. PIV alrcraft from Kwa- B
‘ jalein NAS assisted in noseccone search and pickup was by boat. Rockets ::’i
» were remotely fired and only one was recovered, showing only slight radio- «.'2_

acuivity. “"E

L :;E

" Shots: CACTUS, KOA, YELLOWWOOD, WALNUT, OAK. ¥
[, 7,
.. staffing: The three agencles conducting this experiment had separate func- 0
ot tions, and each organization's persornel had different exposures. LASL co- - §

ordinated the aircraft sampling., UCRL the rocket sampling attempts, and
NRDL sample analysis. In the project repoit, 21 NRDL personnel are identi-
fied bui anly 5 are on the consolidated List, which would show their actual
presence at the EPG. and ¢f these, several participated in other NRDL proj-
ects also. Eight UCRL personnel! are identified and six of these are on the

L.
o g ¥

.
o,

Y-

.

olidat List. It cannot be established what portions of their expo- ;

sures are from the rocket portion of Project 2.3 activities and what may 3

be from other activities. Three LASL civilians are also identiflied as co- -
PR ordinating and. again, how much of thelr exposure can be attributed to

A Project 2.8 is not clsar since they also did alrcraft sampling work for TU :-~§

7.1.1. All 14 exposures are given in Table 9. ;:;

X Y

. . ;'~.a|1

k% Project Report: Reference C.1.1625. ;

'\a!l Q

' ? Project 2.9 ~- Gamma Dosa Measurements ﬁ

e

: -3

Agency: Army Chemical warfare Laboratories (CWL) ‘

‘f Qgperations: The objective was to document initial gamma and total gamma N

dose at various distances from QUINCE and FIG. Incremental dose recorders
were placed at various distances from 30 to 711 vards (27.4 to 650.1 me-

. P,

ters) from surface zero on Runit Island. Film badge dosimeters were in- ~'.:§
a stalled several days before each shot and recovered at approximately H+24 3
N :3 minutes. Instrumentation for the project and for Project 2.11 was recovered ',4
AN from balloon staticns at H+15 minutes. Project 2.4 personnel r=covered in- v
strumentation from buoy stations and two other stations at H+18 minutes. L3
P Pickup of film badge dosimeters appears to have been done by Project 2.4
2N personnel. .
s R
8 shots: QUINCE, FIG. 5
P )
R staffing: Two CWL civilians are identified in the project report, but they -

are not on the Consolidated List. Project 2.9 may not have had any person—
nel at the EPG, the fileld work instrument placement and recovery beling N
handled by CWlL personnel assigned to other projects, notably Project 2.4,

R -
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Proiect Report: Reference C,1.1677.
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Project 2.10 -- Residual Radiation |
Agency: Army Chemical Warfare Laboratories (CwlL) "
Operationg: The objective was to measure the radiation intensitles and ‘;
determine gamma decay rate of the radiocactive areas after QUINCE and FIG. :
Fallout collection stations were used for ground survey points. Early re-— [ |

covery partlies of Projects 2.4, 2.9, 2.10, and 2.1l obtained radiation
readings. sSurveys were made with meters held approximately 3 feet (1 meter)
above the ground and away from the body.

An H-21 helicopter with survey equipment and two project personnel
from Parry Island made aerial surveys beginning at H+l minute. Starting at
: H+20 minutes at Runit Island, ground residual radiation was measured at
,5 approximately 300, 600, and 900 feet (91.4, 183, and 274.4 meters) from

s

;'ii surface zero.
{ A crater survey was made by pulling a radiation detector along the
pee ground toward the crater area using a cable that had bheen covered by sand

before the shots so that it would survive the blast. The winch that pulled
the cable was remotely controlled. The recorder was in a shelter with the
winch 600 feet (183 meters) from surface zero. The recovery schedule is
not given in the project report, but was probably dcne by the project per-
sonnel that left Parry Island at H+l5 (see below) as there was a fallout
detector located at the recorder site.
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Alpha surveys were made on concrete slabs that had been laild around
the surface zerocez before the ghots. At H+30 minutes two project personnel
with PAG-3G gas-flow alpha counters drove to the nearest slab and took
readings at three polnts on the slab; they then proceeded tcward surface
zero and repeated the procedure. Readings were taken again at the same
locations on D+1 and D+2. Air samplers were placed 300 and 600 feet (91.4
and 183 meters) from surface zero and activated by a timer at H-1 second.
At H+l the filter papers from these air samplers were recovered.

R ARIL 3 PRIRE TR
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D

Four open collectors were placed at 600 and 300 feet (183 and 91.4 me-
ters) from surface zerc for fallout collection and activated by a signal
at H-1 second. At H+15 minutes two project personnel departed Parrcy by
helicopter to the north end of Runit, picked up a Jeep, and drove to the
fallout collectors §00 feet (183 meters) from surface zero. They also mea-
sured radiation intensities 3 feet (1 meter) above ground. They removed
the fallout samples, returned to the hellcopter. and flew to the south end
of Runit Island. The samples were transferred to another hellicopter and
flown back to Parry.

7 For QUINCE, alpha monitoring was conducted throughout the area on D-day
_  and D+1. A contaminated area in the downwind direction was very spotty. No
'Q alpha surveys were made of the FIG event. For shot QUINCE, considerable
-'§| alpha~emitting activity was detected around surface zero. None in the down-
:3!,5 wind area was above 3,500 ug/m<.
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- sShots: QUINCE, FIG.
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staffing: Two CWL civilians are identified 1in the project report, but only
one 1z on the Congolidated List.

Proiect Report: Reference C.1.1678.

Project 2.11 —— Neutron. Thermal and Gamma Measurements at Various
Altitudes

8See Project 2.4a above.

Project 2.14 -~ Fallout Contamination from a Very-Low-Yield Burst
Agency: Sandia Corporation (SC)

Operations: Fallout collectors were placed on the surface of Runit Island
and cn barges in the lagoon. Radiological survey devices were also used at
some of the collection sites. Personnel picked up data on Runit starting
one-hal? hour after the FIG detonation. Recovery of data from the buoys
and barges began at the same time.

shot: FIG.

staffing: Only two SC personnel can be identified from the project report,
each with exposures of less than 0.5 R.

Prolect Repurt: Reference C.1.1602.

Program 3 -~ Structures and Egquipment

This program was designed to determine the effects of underwater detona-
tions on surfece and subsurface ships and to study different types of land
structures under various blast-loading conditions. Five of the eight projects
were conrerned with the response of ship structures and equipment to underwater
detonations, and three were concerned with the response of land structures to
airblast,.

Project 3.1 -~ Tapered Charge Testing of the DD-592 (Howorth)
Agency: Underwater Explosive Research Division. Norfolk Navy Shipyard
Operations: A serles of tests employing high-explosive charges was held

off the Callfornia coastline beginning in January 1958 in preparation for
HARDTACK. There was no radiation exposure potential from this project.

Project Repcrt: Reference C.1.1605,

Prolect 3.2 ~«- Test of Flexible Arches

Agencies: Air Force Speclal Weapons Center
Naval Civil Engineering Research Laboratory (NCEL)
Navy Bureau of Yards and Docks
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operations: The objective was to determine structural response of earth-
covered., corrugated-steel arches to the CACTUS and KOA tests, Four prefab-
ricated, corrugated-steel flexible arches were located with an aboveground
covering of coral sand. One for the CACTUS shot was placed 980 feet (299
meters) from surface zero: the remaining three were used for KOA, placed
on Boken 3,200 to 4,470 feet (0.98 to 1.36 km) from surface zero. Some
instrumentaticn was also installed by Project 1.7 personnel.

For CACTUS, the first ground reentry was made 4 days after the shot
and a l3-man recovery crew using two bulldozers and two cranes began exca-
vating the structure on D+8. Radloactivity near the structures ranged up

te 0.420 R/hr. Excavation took approximately 12 hours and was finished on
D49,

For KOA, aerial reconnaissance wazs made on D+1 and D+4, and dground
reconnalissance was made on D+6 and D+7. Figure 24 shows personnel on one
of these early reconnalssance missions. Oon D+6., radiation levels were from
0.3 to 1 R/hr at the three structures, and the decay was observed to be
slow. Recovery excavations began 120 days after the shot, with 11 workmwen
using H&N heavy equipment.

Inspection of these c¢lose-—-in stations would have exposed participating
per:r onnel to radiation from the fisgion and activation products deposited
nes: the burst point. Excavation also would have dispersed dust because of
the .eavy digging equipment used. As the three shelters dug in on Boken
for the KOA test appear to be within 200 feet (61 meters) of the edges of
the crater formed by the SEMINOLE test in 1856, some problem with contami-
nated dust during the placement and covering of these could have occurred
if care were not taken with the covering material. Figure 33, a photograph

taken from surface zero for KOA, shows the proximity of the SEMINOLE
crater.

Figure 33. Project 3.2 sand-covered structure, HARDTACK.
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shots: KOA, CACTUS.

Staffiny: The project report ldentifies two naval officers and three ci-
vilians f-om NCEL. One of the officers 15 not on the Consolidated List and
may not have participated in field activities.

Brolect Report: =Reference C.1.1626.

Project 3.3 ~- Shock Studies of Haval Equipment
Agency: Navy David Taylor Model Basin (DTMB)

Operations: Instrunents to measure and recerd shock motion were placed on
the unmanned, instrumerited ships for WAHOO and UMBRELLA (Fullam., Howorth,
Eillen. and Moran). Bonita (88K-3) was Iinstrumenteg and fully manned for
WAHOO and instrumented and unmanned for UMBRELLA. Two operatinnal destroy-
ers, USS Manefield and U'SS _Orleck (DD-886). were instrumented only for
WAHOO. The barge YFNB-12 and Sguaw—29 were instrumented only for UMBRELLA.

aw-29 {(a specially buillt 4-compartment, submarine-like target) and
YFNB-~12 had been used during Operation WIGWAM (1955).

The primary recording medium for the project was photographic, either
oscillograph paper or motion picture film. Cameras and oscilliographs were
well shielded in lead housings. but project cbjectives would have dictated
as early recovery of these sensitive records asg possible. For WAHOO. re—
boarding was on D+1 and for UMBRELLA was within hours of the shot. This
recovery would have been the experimental activity leading to exposures.

Shots: WAHOO, UMBRELLR.

Staffing: The project report identifies 11 DTMB civilians and 1 Navy en-
listed man as project participants. Maximum exposure was 1.6 R (the Navy
enlisted man). Five other nruject personnel had exposures from 1 to 1.5 R

and the remainder had exposures from 0.5 to 1 R.

Project Revort: Reference C.1.1627.

"‘-;‘.ﬁ. Project 3.4 -- Loading and Basic Target Response for Surface Ships

ri'.

e

W Agency: Underwater Explosive Research Division (UERD), Norfolik Navy

Shipyard

Operations: Gauges and recorders were placed on Fullam, Howorth, Killen,
and Horan for shots WAHOO and UMBRELLA and., in addition., on a barge (YC-1l)
for shot WAHOO only. The primary recording meiiun was magrnetic tape. and
photographic paper was used for oscillograph recording. This paper would
have required vecovery and development as early as possible. Therefore, it
may be assumed that some project personnei were among the flrst to reboard
the target ships.

Shots: UMBRELLA, WAHCO.
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Staffing: Four UERD civilians are identified in the project report. They
wera all badged with exposures less than 0.8 R,

Proiect Report: Reference €.1.1623.

Project 3.5 ~~ Submarine Hull Response

Agency: Navy David Taylor Model Basin

Cperationsg: Instrumentation was placed on the only submerged target in tne
ship array for shot WAHOO, Bonita, which was manned 18,000 fest (about 5.5
km) from surface zero. The origlinal plan calied for Bonita to be unmarned
and moored 10,500 feet (3.2 km) from surface zero, bhut unexpected rough
sea conditions causad the loss of mooring cables.

For shot UMBRELLA, Bonita was unmanned, positioned bcocw-on at periscope
depth, 2.880 feet (878 meters) from surface zero. Instrumentation was
placed on the principal submerged target for shot UMBRELLA, Squaw-29 (a
four-fifths-scale partial submarine model), placed 1,580 feet (512 meters)
from surface zero. Operations of Project 3.5 wera successful. Data from
the submerged 3quaw-25 were recorded on the barge. YFN©-12, to which
Squaw-29 wasg cabled. After the tests, Sguaw-29 was brought teo the surface
and towed to Pearl Harbor where 1t was inspected by prnject personnel for
damage., Data recovery was undoubtedly done in conjunction with thet of
Projest 3.3, conducted by the same agency.

Shots: WAHOO, UMBRELLA,

Staffing: Staff was apparently also shared with Project 3.3. All five wen
mentioned in the project report are also cited in the Project 3.3 report.

Project Repcrt: Reference C.1.16293,

Project 3.6 -~—~ Behavior of Deep Relnforced Concrete Slabs

Agencles: Alr Force Special Weapons Center {(AFSWC)
University of Illinoils

Operations: The objective was to Qetermine the dynamic behavior of Jdeep,
reinforced-concrete slabs close to surface 7ero. Precast concrete slabs
were shipped to the EPG and placed at two stations 1.830 and 3,100 feet
(558 and 45 meters) from the KOA surface zZero. An instrumentatjion ptgram
was instaslled and operated by persormnel of BRL (Project 1.7). An aerial
inspection of Bokaldrikdrik Island in addit’on o photographlng the sca-
tlons was scheduled for D+2 at 0900 by a helicopter with five prolject
personnel.

The posttest radiation envircnment was tco high to begin data-recowvery
operations lmmediately after the test. Whether personnel from f e project
made ground-level inspections at early times followlng the t: it 1s not
clear.
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Shot: KOA.

&_Qﬁ gtaffing: Four University of Illinois staff are identifled as participants,
ﬁ%ﬁ but only three appear on the Zonsolidated List. Twe AFSWC offlcers were
i{*ﬁ the project officers. but they are not on the Consolidated List.

Project Report: Reference C.1.1630.

i
: % Project 3.7 -— Damage to Existing EPG Structures

7 Agencieg: Army Engineering Waterways Experiment Station (WES)
g Holmes & Narver, Inc.

E Operations: The objective was to record damage to exlsting EPG structures
&ﬁ' by pre- and postshot examination. Self-recording measurements of air over-

\ pressure and acceleration were made at several statlons along with some
-E measurements of water-wave erosion. Damage surveys were performed by visual

; inspections. photographs. and level surveys. Gauges were furnished, caii-
w2 brated, and read by personnel of BRL.

M Inspection of strictures would not necessarlly have required visits to
: hot areas soon after a burst unless another shot was scheduled that might
further damage a stiucture. In that case, damage from the preceding event
by might require documentation before the area's radiocactivity had decayed.

Shots: CACTUS, FIR, BUTTERNUT, KOA, NUTMEG, YELLOWWOOD., MAGNOLIA. TOBACCO,

Q¥ SYCAMORE, ROSE., MAPLE, ASPEN, WALNUT, LINDEN, REDWOOD, ELDER, HICKORY,
3 SEQUOIA, DOGWOOD, POPLAR, PISONIA, JUNIPER, OLIVE, PINE, FIG.
g Staffing: Only the project cfficer from WES is identified in the project
¢ report: his exposure was recorded as 2.4 R in the Consolidated List.
Y
: 5 Project Report: Reference C.1.1631.
LA 3 Project 3.8 ~- Technical and Engineering Services for Target Ships
I s
e Agency: Navy Bureau of Ships (BuShips)
."
L
- Cperations: The objective was to provide technical and engineering person-~
5 nel to survey and document the damage sustalned by target ships 1n shots
e 0 WAHOO and UMBRELLA for Projects 3.1. 3.3, 3.4 and 3.5. A team of ten
<§:§ boarded the taiget ships, inspected them, and documented the damage. The
Tl time of the 1nspections 1s not given in the project report. There would
; have been no necessity to inspect quickly after the shots, but the post-
% ! WAHOO inspection needed to be completed 1n the 24 days before UMBRELLA.
. Xl
N Shots: WAHOO, UMBRELLA.
.!
e Staffing: Among the ten BuShips civillans identifled with the project, the
P50 maizimum exposure was 1.56 R. Nine personn=l received over 1 R.
-\."&i
Py
TN Project Report: Reference C.1.1632.
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Program 4 -- Blomedical Studies

The objective of this one-project program was to determine the extent of
chorloretinal damage causzd by exposure to high-altitude nuclear detcnations.

Project 4.1 -~ Effects on Eyes From Exposure to Very High Altitude
Bursts

Agency: Alr Force School of Aviation Medicine

Operatlions: The project was to relate the experiments to theory and labor-
atory calculations ¢f choriloretinal damage. This project recuired position-
ing rabbits and thermal recording devices operacted by Project 8.1 at
exposed stations both on the surface and in the air at various distances
from the bursts. Animals were Secured with one eye exposed to the burst
while cameras took photographs. A photograph was also taken at shot time
at each station to determine cloud density.

For shot TEAK, the stations were located at Johnston Island and on the
destroyer USS De Haven (DD-727), located approximately 70 nmi (130 km) from
Johnston Island: the tug USS Hitchiti (ATF-103), approximately 350 nml (649
km) from Johnston Island; and two B-36s of Program 9 flying at an altitude
of 15,000 feet (4.57 km) approximately 350 nmi (649 Kkm) from surface zero,

For shot ORANGE, the stations were located on USS_Boxer (Cvs-21j), 50
nml (93 km) from Johnston Island; USS8_ Epperson (DDE-71%9), 65 nmi (120 km)
from Johnston Island:; De Haven. 120 nmi (222 km):; and a C-97 aircraft, 205
nmi (380 km) at an altitude of 24,000 feet (7.3]1 km). Project 4.1 was based
at Johnston Island and at Oahu, Hawail, where rabbits were examined and
data evaluated. Three project personnel were located at Hickam AFB, Oahu,
for the preparation and maintenance of airborne exposure stations.

Two project personnel were aboard Hitchiti, which returned to Pearl
Harbor after the event. and each destroyer had two project personnel
abocard. At H-8, the exposure statlons on Johnston Island were readied and
the project personnel were evacuated to Boxer. No project personnel were
aboard the B-36: the C-)7 had one project member aboard.

s Shots: TEAK. ORANGE.

i 8taffing: Eight Air Force officers and one civilian are identified in the
- proje<t report; however, as with most Johnston Island experiments. only
{ one project member was badged.

]

{

P Project Report: Reference C.1.1633.
e
b Program 5 -- Alrcraft Structures
'jg Thls program was desicned to determine the effects of nuclear weapons on
£ alrcraft structures. Manned B-52D, A4dD~-1. and F4-J aircraft were used. Provi-
T“; sion was made to record the exposutes of the effocts alrcraft flight crews
A separately, but this was not actually done,
1;\';1
\ :“.Z
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Project $.1 ~-- In-i"light Participation of B-52D

Agencies: Alr Force wWright Alr Development Center
Boeling Alrplane Company

Operations: The objective was to determine the structural responte of a
B-52D when subjected t» loads from blast effects. The aircraft was oriented
inflight to recelre various loadings. Positions at burst tiwe are discussed
in Chapter 4 under sach test avent in which it participated. The level of
nuclear radiation was monitored in the alrcraft during each test. bLut the
incremental increase was not cetectable above the background.

Shots: FIR, KOA, YELLOWWOOD, TOBACUO, SYCAMORE, ROSE, MAPLE, LNUT,
REDWOOD . ELDER, OAK, CEDAR. DOGWOQD,

staffing: Only the project officer 1is 1dentifiled. His radiation exposure
is listed as 1.234 R on the Consollidated List.

f‘%ﬁ Proiect Report: Reference I.1.1634.
)
e
-3 Project 5.2 ~- Weapon Effects on AR4D-1 Aircraft

Agencles: Navy Bureau of Reronautics
Naval Air Special Weapons Facility (NASWF)

s L AT
o s i

[0
T
i

§h1 Douglas Aircraft Company

;‘:J

;3% Operations: The objective was to determine the structural response of A4D-1
fﬁ% aircraft to blast effects. Two A4Ds were positioned so as to receive vary-
7&% ing thermal radiation and overpressures after detonation. Their positions
aa are given in Chapter 4 for each shot in which they participated. The air-
‘E% craft were operated by NASWF.

o

L PR

Both aircraft were Iinstrumented to record nuclear radiation. Fillm
badges were placed 1n varlous locations in the aircraft, and gamma dosime—
ters were worn by the pilots. These measurements are summarized in Table
1l1. In addition, sulfur was used a3z a fast neutron dosimeter. Unfortu-

o

[
s
(‘i
b3 .

nately. many of the sulfur packets were impure:; however, several measure-
e ments were made. The packets indicated the following neutron exposures of
M the pilots (Reference C.1.1635, p. 98):
At
‘;Q% CACTUS Atrcraft 827 0.105 rem
™
f?& HMAGNOLIA Ailrcraft 827 0.020 rem Aircraft 831 0.030 rem
Sl TOBACCO Aircraft 827 0,020 rem  Alrcraft 831 0.015 rem
";i; WALNUT  Ailrcraft 827 0.015 rem  Aircraft 831 <0.010 rem.
5}: Shots: BUTTERNUT, KOA, MAGNOLIA, ROSE, TOBACCO, WALNUT, YELLOWWOOD, CACTUS.
fﬁ Staffing: Four naval officer pilots from NASWF and two civilians from Doug-
?Ka las Alrcratt can be idencified from the project report and the Consolidated
'h-"
g
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Table 11. Measured ganmma radiation in Project 5.2 A40-1 adrcraft, HARDTACK.

N a
b F1Im Badges (R)
f.< Alrcraft
B Shot Number 1 2 3 4 5 6 7 8 9
CACTUS 827 0.77 0.64 0.49 1.73 1.74 1.66 - -— ———
8131 2.3 2.83 2.82 2.29 3.14 3.34 - —— -
SUTTERNUT 827 0.78 0.82 0.79 1.15 1.13 1.09 - 0.22 0.16
831 4.81 4.48 4.21 5.16 5.27 5.27 ——— —— ———
. KOA 827 0.01 0.01 0.01 0.0 0.0 0.02 0.0z 0.02 0.01
.%g_ 831 0.15 0.10 0.12 0.19 0.19 0.19 0.05 0.03 0.10
; YELLOWWOOD 827 0.30 0.30 0.29 0.30 0.29 0.28 0.23 0.23 0.22
831 0.3 0.28 0.26 0.28 0.28 0.27 0.23 0.24 0.24
MAGNOL IA 827 4.92 4.73 4.68 6.67 6.47 6.85 4.05 -—— 1.55
831 4.93 3.99 4.35 5.39 5.63 5.42 4.2 - 4.29
TOBACCO 827 Data Not Available
831 fata Not Available
ROSE 827 0.390 0.374 0.377 0.388 0.3917 0.397 _——— 0.348 0,353
831 0.542 0.529 0.520 0.54% 0.555 0.5517 0.494 —— 0.419
WALNUT 827 0.653 0.533 0.540 0.748 0.687 0.654 0.732 - 0.667
831 1.540 1.310 1.300 2.070 2.070 2.030 0.160 ——— 0.692
Notes:
aF‘Hm badge locations: 1 -~ cockpit, horizontal; 2 -- cockpit, athwartships;
3 -~ cockpit, fore and aft; 4 -- left nose wheel well, hortzontal; 5 -- left nose
wheel weil, 2ihwartships; 6 -- left nose wheel well; fore and aft; 7 -- pi1lot, lower

right leg; 8 -- ptlct, left sleeve; 9 -- pilot, left vest.

Source: Reference C.1.1635.

List. The pllots' exposutes were all greater than 3 B and the highest was
5.3 R.

Project Report: Reference C.1.1635.

Project 5.3 -- Weapon Effects on FJ-4 Alrcraft

Gt,% Agericies: Navy Bureau of Aeronautics
R Naval Air Special Weapons Faclility (NASWF)
\~Zf North American Aviation. Inc. (NAR)
..
R
. ¢ Operations: The objective was to determine the structural response and
N effects of nuclear weapons on the FJ-4 ailrcraft. Two test alrcraft were
¥ ingtrumented to record ailr overpressure. The alrcraft were flown to pre-
2 relected positions relative to the detonation point, For more detailed
.
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information on the position of these aircraft at H-hour, see Chapter 4 2
under @ach shot in which they participated. The alrcraft were instrumented ]
with film badges for gamma recording and sulfur samples for fast neutron
activation measurements. Film badge measurements are shwn in Table 12, as
is the single neutron measurement.
Table 12, Measured gamma radiatton in Project 5.3 FJ-4 atrcraft, HARDTACK.
Y
a .
F4im Badges (R) L
Atrcraft b
Shot No. 1 2 3 4 5 6 7 8 9 i
CACTUSP 467 0.77 ©0.81 06.77 3.30 3.71 2.95 0.77 0.55 0.52 Y
310 1.62 1.42 1.50 4.98 5.06 4.74 1.23 1.81 3.25 .f
BUTTERNUT 457 0.22 0.24 0.24 0.94 6.98 0.9 0.16 0.17 0.48
310 0.13 0.12 0.15 0.29 0.28 0.28 0.15 0.18 0.14 .
¥
KOA 467 0.01 0.0} .01 0.02 0.02 0.02 0.0 0.02 0.02 }fg
310 0.02 0.02 0.02 0.02 0.03 0.03 0.01 c.0 0.p2 %ﬁ‘
YELLOWWOOD 467 0.16 0.14 6.13 0.14 0.14 0.16 0.16 0.17 0.13 Y
310 0.16 0.14 0.15 0.17 0.18 0.18 0.18 0.178 0.17 S
by 3
MAGNOLIA 467 0.84 0.90 0.93 1.72 1.67 1.61 0.76 0.46 1.10 :};
310 3.42 3.31 3.30 6.31 5.65 6.22 2.66 5.37 5.90 R
TOBACCO 467 Data Not Available RS
310 Data Not Avatlable e
ROSE 467 0.22 0.24 0.25 0.48 0.51 0.43 0.29 .27 0.23 .
310 0.32 0.33 0.33 0.55 0.43 0.46 0.28 0.37 0.37 ‘"
4
WilLNUT 467 0.66 (.66 0.67 0.72  0.76 0.79 0.62 0.60 0.60 o
310 0.76 0.74 0.70 1.40 1.30 1.30 0.69 0.44 0.44 =
Notes:
aFﬂm badge locattons: 1 -- cockpit, hortzontal; 2 -~ cockpit, athwartships;
3 -- cockpit, fore and aft; 4 -- ammunition bay, horizontal; 5 -- ammunition bay,
athwartships; 6 -- ammunition bay, fore and aft; 7, 8, 9 -- pilot, random. N
bFast neutron dose measured in cockpit 0.135 rem. f_i
Source: Reference C.1.1636. o
i
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ghots: CACTUS, BUTTERNUT. KOA, YELLOWWOOD, MAGNOLIA., TOBACCO. ROSE, WALNUT.

Staffing: Two naval officers from NASWF and three civilians from NAA can
be identificd from the project repor: and the Consolidated List. The pi-

lots' exposures were 3.7 and 3.6 R. The civilian exposures were all below
1.5 R,

" Pro t _Re t: Reference C.1.1636.

]
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Project 5.4 -~ Aircraft Tracking and Positioning

SRttt o
i S,
*

S Agency: Fleld Command, Armed Forces Special Weapons Project

Operations: Project 5.4 was established during the latter part of the oper- '
ation cunly to simplify budgetary functiong required to extend the use of
two radars for Program 5. Project 5.4 also supported Projects 8.2 and 8.6.

Project Report: None.

Program 6 -~ Test of Service Equipment and Materials

The oblectives of this program were to determine the effects of nuclear
detonations on various components and equipment and, for the underwater shots,

et 1 to determine the feasibillity of using nuclear explosions for clearing mine
" flelds.

fo I

i : i '1

%ﬁ& Project 6.3 ~~ Radiation Effects on Various Equipment !

'"ig j

gé: Agency: Army Diamond Ordnance Fuze Laboratory :

Ll 2 i

e Operationg: The objective was to determine the radiation effects on varlous !
.wi electronic components when exposed to radiation resulting from the nuclear )

ﬁ?? detonations. To attaln ti.e desired radiation level to the components,

;3; three stations were constructed on Lomilik and Eneman.

fﬁf Neutron dosimetry was provided by Project 2.4. Detectors were attached {
™ to a cable at the three stations. A few hours after the detonation, a cat- |

ﬁf}i erpillar tracter towed the cable to a point where the detectors could be :

%;ﬁ detached from the cable without personnel radiation exposure. After recov- :

;:g ery the detecturs were returned to Project 2.4 for counting. .

§;= This project had instrument stations nhear surface zero locations and .

bl required recovery while the area was still radiologically hot. For example. i
.y recovery of the basic recorder required moving sandbags that shielded the

\iﬁﬁ instrumentation. This was done by lifting a cargo net that had been used

Jﬁ:ﬁ in placing the sandbags before the shot, which apparently took about 15 to

'ﬁnﬁ 20 minutes with a “cherry-picker." On at least one occasion the cargo net

?ﬁn falled and the recovery required a longer stay in the area, which was near .

b’ = the burst point and was "hot" (about 2 R/hr). The two project personnel i
] recelved exposures of 0.64 and 0.89 R on this particular recovery (Refer- :

%E&g ence C.5.4).

XN

j'\% Shots: NUTMBEG., MAPLE, HICKORY, JUNIPER.
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Staffing: Six civillans are identified with this project, but only two

appear on the Consolidated lList, the project cofficer with an exposure of
1.86 R and another with 1.71 R.

Project Report: Reference C.1.1637.

Project §.3a -- Effects of Nuclear Radiation on Semiconductor Devices
Agency: Army Diamond Ordnance Fuze Laboratory

Operations: This appears to have been a speclalized portion of the basic
Project €.3 operation with an interest in particular instrumentation.

Shots: NUTMEG, YELLOWWOOD, MAPLE, HICKORY.

Staffing: Two civilians weve identified. One of these 1s on the Consoli-
dated List with an exposure of 3.07 R,

Project Report: Reference C.1.1742.

Project 6.4 -~ Electromagnetic Pulse Measurements
Agency: Army Signal Research end Development Laboratory (SRDL)

Operations: The objective was to rocord the electromagnetic pulse result-—
ing from a nuclear datonation. Two measurement stations were used, one at
wotho (approximately 100 nmi [185 km] from Bikinl and 240 nmi [445 km)
from Enewetak) and one at Kusaie (440 nmi [81% km] from Enewetak and 460
npi {852 km] from Bikinl).

ghots: YUCCA, CACTUS, FIR. BUTTERNUT, KOR. HOLLY, NUTMEG,.
Staffing: Three SRDL civilians are identified in the project report.

Project Report: Referencs C,1.1638.

Project 6.% -~ Radar Fireball Observations
Agency: Army Signal Rescarch and Development Laboratocy (SRDL)

Operations: The objective waz to investigate the nature of radar <choes
from the fireball. Operations were conducted on Encwetak and Rongelap
atolls. Two destroyers, USS Cogswell (DD-651) and De daven, were used dur-
ing TEAK and were stationed approximately 75 to 150 nmi (139 to 278 kw)
from Johngton Island on a bearing of U:0° from the island. The Rongelap

station participated only in the YUCCA and FIR ¢vents.

Shots: YUCCA. CACTUS, FIR, BUTTERNUT, KOA, WAHOO, HOLLY, TEAK.
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statfing: Three civilians identified in the project report are also on the
Consolidated List.

Project Report: Reference C.1.1639.

Project 6.6 -~ Radar Cloud Size Determination
Agency: Army Signal Research and Development Laboratory (SRDL}

Operations: The obhjective was to determine the height and horizontal di-
mensions of stabllized radioactive clouds. Weather radar sets were used at
Enewetak, Rongelap, and Kwajalein. For TEAK and ORANGE, the egqulpment was
located at Johnston Island and at Maul, Hawalli. On Enewetak Island the
existing fixed-station radar equipment of the Air Weather Service was used
by Project §.6 personnel.

Shots: YUCCA., CARCTUS, FIR, BUTTERNUT, KOA, WAHOO, HOLLY, YELLOWWOOD,
MAGNOLIA, TERK, ORANGE.

Staffing: Three SRDL civilians are 1dentified in the project report.

Project Report: Reference C.1.1640.

Project 6.7 -—- Mine Clearance Studies
Agency: Naval Ordnance Lab.ratory (NOL)

Operations: A fleld of 120 inert mines was laid inside Enewetak Lagoon
north of the UMBRELLA surface zero at ranges of from 1,500 to 8,000 feet
(0.46 to 2.44 km). The primary operation was the post-UMBRELLA recovery of
these mines and their shipment to the United States for examination. Mine
recovery was from USS Takelma (ATF-113) with the assistance of USS Lawrence
County (LST-887). which acted as the collection point, Explosive Ordnance
Disposal Unit One (EODU-1), Mine Detail Augmenting Unit 0302 (MDAU-0302),
and divers from TG 7.3 aided in placement., but according to to the project
report did not assist in flrst-day pickup. LCM~-52 and LCM-58 of the boat
pool are credited in the project report with assisting.

The greatest notential for exposure was during recovery operations.
However, radiation levels were apparently low enough that the mine field
area could be surveyed at H+l from the Takelma and recove., could begin at
the 8,000-foot (2.44-km) range at H+3. The mine fleld was upwind from the
burst peoint and out of the area of the subsurface bubble. or pool of con-
taminated water. Diving operations began at D+4 (13 June) and continued
until 16 June.

Shot: UNMBRELLA.
staffing: Only two NOL civiilans are cited in the project report.

Project Report: Reference C.1.1641.
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{3 . Project 6.8 -~ Underwater Influence and Mine Reaction Measurements
4§
Agency: Mavy Mine Defense Laboratory (MDL)
Operations: To measure and record the pressure, acoustic, and magnhetic sig-
/ nals generated by a nuclear detonation that might trigger mines., LCU-634,
e ~1123, and -1317 were moored 8,300 to 44,750 feet (2.53 to 13.64 km) upwind
%’ from the UMBRELLA surface zero. They were connected by recording cables to
Bk various underwater sensors in the area. Divers from USS Chanticleer (ASR-7) :
@‘ planted the underwater sensors and USS Bolgter (ARS-38) recovered them. j
XA Other shots also were monitored with this array. It is not clear whether '
2 the LCUs were manned for any or all shots. :
e Shots: WAHOO, YELLOWWOOD, TOBACCO, SYCAMORE, UMBRELLA. i
~] Staffing: Two MDL civilians and one MDL naval officer who are identified
in the project report also appear in the Consolidated List. i
o Project Report: Reference C.1.1642. |
._, Project 6.9 —— Ionospheric Effects of High Altitude Nuclear Detonations :
e & :
e:f Agencies: Army Sighal Research and Development Laboratory (SRDL) :
ey Army Signal Radio Propagation Agency .'
g Operations: Ionospheric sounders were operated at Wake and Kusale islands. :
N ’
N o 3
] Shotg: YUCCA, FIR, BUTTERNUT, KOA. 5
: !
%1 Staffing: Two civilians from SRDL and two military from the Signal Radlo .
- Propagation Agency. |
% }
Gedd oject Re : Reference C.1.1643. ~
b :
Bin Project 6.10 -- Ionospheric Effects Produced by High-Altitude Bu:sts f
Fo Agency: Alr Force Cambridge Research Center (AFCRC) i
A Operations: This project had instrumentation aboard the C-97 (No. 2596) of .
b e the 3245th Operations Group. The plane was based at Hickam Fileld, Oahu, f
. 'f'_ Hawali, and flew 20 the vicinity of Johnston Island to record burst data. .
[ It was 120 nmi (222 km) east-northeast of Johnston Island for the TEAK i
P burst and 194 nmi (360 km) south of Johnston Island for *“hie ORANGE burst.
' Altitude was nominally 10,000 feet (3 km). The plane was back at Hickam
=S 3 hours after TEAK and 5 hours after CRANGE. The project alsc operated an
s o ionospheric recorder on Sand Island.
Shots: TEAK, ORANGE. '
~ .“
-
B~
'N]

A 140




- - E -
e ot . 4% ADAYE B MM s © M W . Be e W a W B G WaW.a7a TR Tacm AW T LT LT T e @ - ST T w e o w e T e e -
iy

sStaffing: Apparently only three of the AFCRC military and civilians identi-
fled in the project report were badged. These possibly operated the ground
station at Sand Island. Their exposures were zero.

Project Report: Reference C.l.15844.

Froject 6§.11 -- HF and VHF Attenuation and Reflection Phenomena

Agency: stanford Research Institute (SRI)

%
& Operations: The objective was to determine the radio signal attenuation
and reflection characteristics of nuclear detonations and their residual

clouds. Project instrumentation was installed on the 125-foot (38.l-meter)
MV _Acania. Acania was moored 1inside the Johnston Island reef. Under the
original plan a ground-based instrumentatlion site was installed on Eneu at
Bikini and on Japtan at Enewetak. This operated between 10 and 25 April
until TEAK and ORANGE were moved to Johnston Island. This instrumentation
was reinstalled on Johnston Island, French Frigate Shoals, and Wwheeler
e AFB, Oashu. The units on French Frigate Shoals were provided by SRI and
X operated by personnel of the Army Signal Radlo Propagation Agency.

Shots: TEAK, ORANGE (ground-based observations occurred on YUCCA, CACTUS,
FIR., BUTTERNUT, KOA. WAHOO, HOLLY, NUTMEG, TOBACCO).

Steffing: No SRI personnel are on the Consclidated List, which is consis-
tent with Johnston Island-only operations. Operation of the ground-based
instrumentation at Enewetak and Bikini during the early phases of the

308 & wir s
.‘d!l“ Ao

series, however, should have resulted in SRI perscnnel being badged. Possi-
e bly other agencies operated the SRI instruments for the project.

B

v Project Report: Reference C.1.164>.

a0

T oW

ﬁ Project 6.12 —-- Effects of Very High Altitude Atomic Detonations

~:§ on Pulsed Electromagnetic Transmission

P o)

A

e "

j- Agency: Army Signal Research and Development Laboratory (SRDL)

74{ Operations: The objective was to investigate the propagation of radio waves
k.4 through regions disturbed by high-altitude nuclear devonations. 8ix Nike-
iy Cajun rocitets were launched from Johnston Island, each bearing & radio
_3‘.\_ transmitter. Receliving stations were at Johnston Island, Maui Island, and
. on two desicoyers. Destroyer stations were located along an azimuth of
20°T at 85 and 175 nmi (158 and 324 km) from Johnston Island for TEAK and
{’:ﬂ 22° at 75 and 140 miles (139 and 259 km) for ORANGE. Signals received
-:'::.' were recorded on magnetic tape. The destroyer statlons were Epperson and
e De Haven for ORANGE and Cogswell and De Haven for TEAK.

AN
.Y

b Shots: TEAK, ORANGE.
-~

'»"I:x
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Staffing: Only two of the 8RDL cilvilians identifiled in the project report
are also named on the Consolidated List.

Project Report: Reference C.1.1645.

Project 6.13 —-- Bffects of Very High Altitude Bursts on Airborne Radar
Agency: Massachusetts Institute of Technology (MIT), Lincoln Laboratory

gperations: Two radar-equipped Navy Wv-2 alrplanes were the operating sta-
tions for this project. They were approximately 150 to 200 nmi (279 to 370
kn) from Johnston Island at an altitude of 8.000 to 10,000 feet (2.44 to
3.05 km) at burst time. The aircraft were based at Wheeler AFB, Hawaili,
and were furnished by the Naval Air Development Unit, South Weymouth.

Massachusetts.

B

N shots: TERK, ORANGE.

staffing: Apparently no MIT personnel were apparently badged, but there
was no potential for gamma exposure from the high-altitude sliots.

%:

4,

:‘{ Proiect Report: Reference C.1.1659.
.*-

Program 8 -- Thermal Radiatton and Effects

, The objective of this program was to evaluate laboratory methods of scaling
2y thermal effects with weapon yields.

2
- Project 8.1 -- Effects of Thermal Rad‘ation on Materlals

Agency: Naval Material Laboratory (NML)

operations: This project was divided into two parts. For YELLOWWQOD and
WALNUT the objective was to document radiant exposure in skin simulant
studies. For TEAK and ORANGE the objective was basic thermal radiation
measurements.

For YELLOWWOOD and WALNUT, both detonated at the same position, a sta-
tion was instrumented on Aej Island 25,500 feet (7.77 km) from the barge
location. Data were recorded on oscillographs 1in an underground shelter.
Stations were instrumented with 29 skin simulants. Radsafe conditlions per-
Fo mitting, seven project personnel were scheduled to depart Parry for Ael]

i Island by helicopter to retrieve thelr experiment. Two personnel were also
".; scheduled to depart Parry for Aej Island by LCM to recover film. The ap-
‘\5 proximate time of retrieval was planned to be 1 hour.

‘\;» For TEAK and ORANGE. five statlons were linstrumented:; tnree surface
vessels were stationed approximately 75, 152, and 300 nmil (139, 278, and
- 556 km) from Johnston Island, a C-97 (the same airplane used in Project
474 4.1) was stationed 300 nml (556 km) from Johnston Island, and one statlon
- ,: with skin simulants was set up on Johnston Island. Surface vessels used
]
"“‘i

N
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during TEAK were Hjitchiti, De Haven., and Cogswell.
vessels used were Boxer, De Haven, and Epperson.

Por ORANGE, surface

Shots: VYELLOWWOOD, WALNUT, TEAK. ORANGE.

staffing: The project report identifies five men from NML as participants;
however, only three appear on the Consgolidated List with exposures of 0.86,
1.69, and 1.78 R. Another participant is mentioned in Project 4.1 documen-
tation as being part of Project 8.1. His exposure was 1.90.

Proiect Report: Reference C.1.1847.

Fraiect 8.2 -~ Thermal Radlation Measurements

Air Force Cambridge Reszarch Center (AFCRC)
Cook Research Laboratories
American Scienc¢e and Englneering

Agencles:

Operations: The objective was to measure, analyze, and report thermal radi-
ation resulting from the HARDTACK high-altitude nuclear detonations. Two
RB-36 ailrcraft were instrumented with thermal detectors and photographic

edquipment. Alrcraft positions at burst time are discussed under Project
8.3.
hots: TERK, ORANGE.

steffing: The project report identifles one Alr Force offlcer and four
civilians from AFCRC as well as two contractor employees. Only three of
the AFCRC personnel and one contractor employee appear on the Consolidated
Lisy.

Project Report: Reference C.1.1648.

Project 8.3 — Early Flreball Photcgraphy

Agency: Edgerton. Germeshausen & Grier (EGS&G)
Operations: The objective was to provide photographic coverage of the

high-altitude shots with cameras mounted in twe RB-36 alrcraft and other
cameras on Boxer. Burst-time positions of the RB~36s were:

RB-36 (15748)

RB-36 (15750)

Slant Range

Slant Range

Altitude to Burst Altitude to Burst

(feet/km) (feet/km) {(feet/km) (feet/km)
YUCCA 36,000/10.97 85,692/26.11 37.000/11.28 80,666/24.59
TEAK 30.500/9.30 447,900/136.51 30,500/9.30 450,220/137.22
ORANGE 30,500/9.30 448,422/136.67 30.500/9.30 453,091/138.10
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Shota: YUCCA., TEAK. ORMIGE.

Staffing: EGEG personnel manned this project, but the personnel clted in
the project report are not on the Consolidated List.

Proiect Report: Reference C.1.1649,

Project 8.4 ~~ Thermal Radiation Spectrum Measurement

FAEREREAE! 1 RSP N ICIAREE. - & R,

Agency: Naval Radiological Defense I.aboratory (NRDL)

-

. e '
s AR
’ BT

Operations: Spectrographic equipment was installed in the two RB-36 air-
craft from Project 3.3.

shots: YUCCA, TEAK. ORANGE. .';:

-
Staffing: Three NRDL civilians whose exposures were all zero. X
Project Report: Reference C.1.1650. E

-~

Projects 8.5a and 8.5b ~~ Airborne-~Infra~Red Measurements

Aqency: Navy Bureau of Aeronautics (Buler)

operations: The objlective was to obtain basic data in the infrared region ﬁ
at airborne stations. A P2V patrol plane was instrumented with infrared ‘;E
detectors and recorders. Its positions with respect to the four shots in i
which it participated were: -
Altitude Slant Range -

Shot (feet/km) (£eet /km) %’f

YUCCA 22,000/6.71 91,140/27.78 &

KOA 5,000/1.52 147,595/38.89 '

TEAK 22.000/6.171 394,940/120.38 “5

ORANGE 22,000/6.71 394,940/120.38 »

Yot s

This alvcraft was operated by the Naval Air 3pecial Weapons Pacility

(NASWF)., Kirtland AFB. ::f
shots: YUCCA, KOA. TEAK, ORANGE. é
Staffing: The single Buher civilian who is identified does not appear on :::5
the Consolidated List. .;;j
Proiect Reports: References C.1.1651-1 and C.1.1651-2. ‘

144

- _ - "

T TN e S e e e Cu T e e e et Ta e T e e - e .o -
AR ST S R I R . R S i R . B I L S P I L T R iy N §

I T R PR R - R e, et
S S . R S T P A T S B R TS




'
J -i
. ‘
% s
1 -
& -
e Project 8.6 —— Vulnerabllity of Missile Structures to Nuclear Detonations i
é Agencies: Ailr Force Wright Alr Development Research Center (WADC) ,
E, & Allied Research Assoclates (ARR) -
"t University of Dayton Research Institute (UDRI) .
& Oparations: Part of the experiment exposed a number of specimens inside i
the CACTUS fireball on 6 Hay. Recovery of the specimens began on 12 May g
‘;i whwn & party entered the reef with a tractor and attempted to pull the

P!
-

i

cable attached to the specimens away from surface zero. The cable broke
loose on this attempt. and on the next day, another party entered and re-
coveraed some of the specimens. The next day two recovery parties entered
with a cran® and a DUKW and recovered more. Additional attempts were nmade
to recover the remsining specimens on 15 May. Those reccvered were removed
to Parry Island and thelr tape recorders were shipped to UDRI for anaiysis.
Project personnel returned to the EPG on 21 August 1958 and on 16 February
1859 to retrieve the remaining specimens.

TR e

A second part of the experiment involved the 'TEAK and ORANGE shots. An
instrumented pod was affixed to the TEAK and CRANGE Redstone missiles.

_' These pods, which carried test specimens. were ejected before burnout. The
bl pod for TEAK was tracked by radar and recovered by Lansing several hours
1; after the detonation: its handling during recovery is shown in Figures 25
é and 26. The pod for ORANGE was not recovered.

fqR N Recovery of the specimens and instrumentation from the CACTUS shot
o exposed personnel to areas of high radliation as well as retrieving radio-

B

active objects. Recovery of the pod from the high-altitude TEARK shot
exposed personnel to an object that was radioactive. Nevertheless, the
maximum meagsured exposure to project personnel was less than 1 R.

%
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shots: CACTUS, TERK, ORANCE.

'i Staffing: Three WADC clvilians. three ARA civillans, and a UDRI civilian

" are identified 1n the project report. The seven exposures given in Table 9

-;,“ are from the Consollidated List and therefore do not include any exposures

ZX; accrued during post-serles specimen-recovery attempts on Runit.

k »

Project Report: Reference C.1.1652.

\':i? -
g Project 8.7 ~—- Thermal Radiation From a Low Yield Burst R
% Agencies: Army Chemical Warfare Laboratory (CWL) i
.- Naval Radioclogical Defense Laboratory (NRDL) !
;:; Operations: 11e objective was to determine thermal radlant exposure versus -
'{2 distance from surface zero and to measure the total thermal radiant energy .
:',J, from a los~yleld gurface detonation. NRDL and CWL each had ten ground sta- o
.--" tiong equipred witr calorimetsrs and radiant sxposure meters from 150 to .
- 900 feet (46 to 774 meters) from surface zero on Runit. Instruments re- 1
A corded data on smoked metal discs or by an ink pen on paper oscillograph -
.\; so that prompt data recovery was not necessary. The plans., however, were ..
":. for project personnel to leave Parry by helicopter at H+l for initial data N
1Y

e
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ﬁ, recovery, with full recovery the following day. Actual data-recovery oper-

e atilons are not documented.
@
Shots: QUINCE. FIG.
N
.3j Staffing: Four CWL civilians and threz NRDL civilians are identifled as
e participating, but only three of the CWL personnel were badged. High expo-
sure for the project was 1.07 R.
n,ﬁ;g Project Report: Reference C.1.1676.
‘.<§§
o O
s E% Program 9 -- General Support
”:} Project 9.1 -- General Support for Programs 1 through S
Cogd
;e Agency: Armed Forces Special Weapons Project
\
. ;} Operations: The objectives were to provide technical photography, motion
gk picture and still photography, timing signals, and firing facllities as
L required.

Shotg: All.

Project 9.1d —-- Upper Atmospheric Properties during a Very-High-Aititude
Nuclear Detonation

gﬁ Agency: Cooper Development Corporation
2%
Q% Operatinns: Instrumented Nike sounding rockets were used to obtain support-
ij ing atmospheric data for TEAK.
ol shots: TEAK.
B
?} Staffing: Gne Cooper Development emplovee 1s 1identified in the project
N, report.
) po
- Project Report: Reference C.l1..653.
ke :I
?@ Project 9.2 -- Shot YUCCA Support
’ Jé Agency: Armmed Forces Special wWeapons Project
Py

Operations: This project designation was used to cover several nonexperi-
b mental activities related to the preparation and execution of the YUCCA

fﬁ; test. The project was subdivided into three subprojects.
Ay Project 9.2a - YUCCA Device
- Agency: Sandla Corporation (S7)
%
! Operations: This subproject covered the SC preparation of the test device.
2 Project Reporr: None issued.
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Project 9.2b -- Balloon Carrier

Adgency: Balloon Development Laboratory, Alr Force Cambridge Research
Center (AFCRC)

Operations: This subproject covered development work on the balloon that
carried the YUCCA device and work on launching and tracking techniques.
This subproject also provided the launch crow.

Staffing: Three AFCRC officers and one civilian are lidentified 1in the
project report.

Project Report: Reference C.1.1655.

Project 9.2c -- Alrcraf: Modification

Adgencies: Armed Forces Special Weapuns Center
Cook Electric
4928th Test Squadron (Aomic)

Operations: This subproject covered the conversion of two RB-36s into in-
strumentation platforms for Projects 8.3 and 9.4. This conversion involved
the modification of the fuselage for the placement of cameras and other
optical instruments, and the addition of special navigation aids.

Project Report: Reference C.l.1656.

Project 9.3a -~ Operation of Missile Carrier for Very-High Altitude
Nuclear Operations

Agencies: Army Ballistic Missile Agency (ADMA)
Army Plcatinny Arsenal
Army Corp of Englneers
Chrysler Corporation

Operations: This pioject provided the Redstone missiles for lofting the
TEAK and ORANGE devices to their burst points. A missile launch pad and
tower and assoclated facilitles. such as a llquid-oxygen plant. tracking
radars, firing bunkers, etc., were buillt on bikinl Island. These were
manned by project personnel in early April, when TEAK and ORANGE were
rescheduled for Johnston Island. The project relocated there and launched
the TEAK missile on 31 July and the ORANGE missile on 11 August. Onsite
activities included assembly of the missile, checkout, test firing, adap-
tion of the nuclear device and missile, and operation of support and
tracking equipment .

Shots: TEAK, ORANGE.

Staffing: A total of 145 men (97 civil servants, 45 military, and 3 con-
tractor personnel) participated at either the Bikin! or Johuston Island
sites or at both. Almost 100 of the men were from ASMA and most of these




were from the Missile Firing Laboratory at Redstone Arsenal. Huntsville,
Alabama. A maximumm of 9] was on site at one time. During the firings at
Johnston Island., 62 men were on site for TEAK and 58 for ORRNGE. Six en~
listed wen from Ft. 81ill, oOklahoma, were part of the firing party. Sixteen
military engineers from Ft. Belvoir, Virginia, assisted by a "civilian
contractor representative®” operated the liquid-oxygen plants and provided
maintenance assistance on the tactical engineer equipment. A team of four
speclalists from Plcatinny Arsenal., New Jersey. “augmented by one contract
civilian.” installed and checked out the warhead adaption kit on the mis-
siles. The presence of these organizations, other than ABMA, and even the
identification of the contractor or contractors is not satisfactorily con-

firmed 1n the Consolidated List.
Project Report: Reference C.1.1657.

Project 9.4 ~- Support for WAHOO and UMBRELLA
Agency: Office of Naval Research

Operations: This project designation was used to cover the extensive plan-
ning. ship modification, and testing leading to the underwater shots.

otg: WAHOO, UMBRELLA.
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CHAPTER 4
WEAPON DEVELOPMENT TESTS

-

Although the primary interest of the Department of Defense (DPOD) was in
nuclear effects experiments, it was also involved with the Atomic Energy Com—
mission (AEC) weapon development testing. Selected mllitary personnel were
routinely assigned to duty at the AEC laboratories and several participated in
test operations. Orher military personnel were selected for duty Just for the
Pacific testing periods. The DOD had also provided general support to the
operations, providing overall security and sharing with the ARC base support
contractor responsibilities in tranasport. supply. housing, etc. Filnally, the

DOD had conducted experiments of military interest during the weapon develop-
ment shots.

This chapter discusses the 30 AEC weapon development shots during the
Pacific phase of HARDTACK. The first part of the chapter addresses the Bikini
Atoll shots and the second part the Enewetak Atoll shots. Radiation and fall-
out, where they relate to DOD participation are discussed. DOD effects experi-
mentas, which are discussed in detsill in Chapter 3, are mentionad if they took
place during an ARC weapon development shot.

BIKINI WEAPON DEVELOPMENT TEST OPERATIONS

When Bikini was reopened to nuclear testing in 1954, it was an advance camp
of Enewetak operatlons. Bikini was to be the location of the very-large-yleld
device detonations, avolding the threat of damage to the Enewetak installations
and the requirement to evacuate all the BEnewetuk task force personnel. The
buildings on Blkinl were considered expendable and the atoll was evacuated al-
most completely for each test shot. The task force was prepared to live aboard
task force ships 1f radlological contamination of the islands occurred and did,
in fact. live aboard them for 2 months in 1954, during CASTLE.

In 1956 during the REDWING serles, test operatiuons at Eniwetok Proving
Ground (EPG) followed the same pattcern, with the larger-yileld test shots dato-
nated at Bikinl. The base of operations at Bikini shifted from Eneman in the
middle of the southern chain of islands to Eneu at the southeast corner. This
pattern of use had the advantages of keeping the facilities at Bikini simple,
Scientific personnel could be housed at Enewetak and shuttled over to Bikini
to live in temporary camps or houseboats as needed. Scientific equipwent and
the test devices could be assembled in the speclalized facilities at Enewetak
arnd ferried over for the ‘tests.

For HARDTACK, however, the number of tests planned would not fit this pat-
tern and a r.aw procedure was adopted. Bikini became the site for University of
California Radiztion Laboratory (UCRL) test g activities. Facilities con-
structed on Eneu fo. HARDTACK (a device assembly area and barge slip, an admin-
igtration building, and a communications building), although still considered
expendable, made independent operations there much easier and avolded shuttling
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the large numbers of men and associated equipment required for the many tests
scheduled to be conducted at Bikini during HARDTACK.

Test Sites

All of the test devices detonated ar Bikini used barges as the surface
zero poin:t, and the barges were anchored in one of three areas for the shots.
Two of these areas were over underwater craters formed in the lagoon during
garlier teste. The first was souti..?st of Nam Island, the site of the BRAVO
test in 1954: five of the HARDTACK shots were slted on barges in this area.
The second was the western end of Eneman, the site of the ZUNI detonation in
1956. The land at this site had been carried away by the blast and replaced by
lagocn water. This was the location for barges on which three large HARDTACK
shots were detonated. The third area was south of Lomllik, where two shots

were detonated.

Evactuation

At 1800 on the day before each test, a sight muster of all personnel was
conducted at the varlous Bikinil Atoll camps and was completed before evacua-
tion (Reference C.1.1682). Camps at Bikinl Atoll were located at Eneu, Blkini,
Aeroko), and Aomen islands. Eneu was the main camp. The Bikinil Island camp was
prepared for personnel who were building the launching tower for the TEAK and
ORANGE events. This camp was closed in April before testing began, when the
TERK and CRANGE events were moved to Johnston Island.

The RAeroko] camp housed personnel preparing diagnostic experiments for
tests in the ZUNI crater at the west end of Eneman. Eneman was linked by cause~

way to Aerokoj via Aerokoilol and Lele, facilitating dry-land access. The Aomen
camp was a smaller camp that supported personnel working in the Lomllik area.

Houseboats, small utility landing craft modifled with living quarters, were
also used to temporarily house laboratory personnel who were finishing the
work on the test devices and instrumentation on the shot barges. The devices
had been assembled at the special facilities on Eneu and then placed on the
shot barges there. The barges were then towed to the shot sites and the house-
boats were moored nearby.

Rerokol} camp personnel were evacuated to either Eneu or Task Group (TG) 7.3
ships except for the REDWOOD and CEDAR tests.

The Aomen camp was evacuated for al!l events. Evacuation of all the islands,
including the base camp at Tneu, was considered necessary only for FIR, SYCA-
MORE., and POPLAR, and even on these shots the firing team remained on Eneu
along with communications specialists.

ugNe Fred C. Alnsworth (T-AP-181F and Ug8 Boxer (CVS-21) were the primary
evacuation ships, with USS Monticello (LSD-35) replacing Boxer after it left
for Johnston Island in July. Command elements of the task force, key sclentific
personnel, radiological safety (radsafe) teams. and those scheduled for early
reentry and recovery by helicopter went aboard Boxer: project and H&N person-

nel evacuated on Ainsworth. Eneu-based helicopters went aboard Boxer so that
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recovery missions could be begun from afloat. TG 7.3 and TG 7.5 maintained an
energency capability to evacuate the entire atoll as well as Enewetak.

Recovery and Reentry

¥henever the shlps evacuated for a shot, a P2V made a radiological survey ]
of the anchoraqe before they reaturned. Upen notification that the area was
clear, the ships reentered the lagoon. As they reentered, Boxer launched two
radsafe helicopters whose first survey was made at Eneu. It was clear of con-
taminatlion on all the Bikinl HARDTACK tests.

One helicopter surveyed the northern islands and the second the southern.
These helicopters were launched from Eneu for those tests with limited evacua-
tion. The Aeroko] camp was reoccupied from Eneu by bcat and aircraft as the
rudiological situation permitted.

High-priority, early data-recovery missions also used helicopters in their
recovery operations. On all the Bikini tests, £ilm data were recovered on Lele,
Rerokojlol, Jelete, and Bikini during the first 2 to 3 hours after detonation.
Helicopters used in these recoveries were launched from Boxer for those tests
in which Eneu had been evacuated.

e i T s e ar

THE BIKINI SHOTS

Table 13 summarizes the Bikinl tests, all UCRL devices. The ylelds of the
Bikinil HARDTACK shotgs have not vet been relsased. Information on predicted and
measured fallout listed below has been extracted from the Operation HARDTACK
Radiological Safety Final Report (Reference C.1.6.2) unless otherwise hoted.
The graphical presentation of fallout for each test 1s predicted. No contours
of fallout based on measurements appear to have been constructed and published
in the test literature (Reference A.4).

Table 13. HARDTACK Bikini detonations, 19%8.
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B lL.ocal :
- Shot Time Jate Barge Location I
%ﬁé FIR 0550 12 May 4,000 feet (1.22 km) WSW of Nam (BRAVO crater)

&:; NUTMEG 0920 22 May 600 feet (183 meters) W of Eneman (ZUNI crater) '
b SYCAMORE 1500 31 May 4,000 feet (1.22 km) WSW of Nam (BRAVO crater) :
e MAPLE 0530 11 June 900 feet (274 meters) S of Lomilik I
o ASPEN 0530 15 June 4,000 feet (1.22 km) WSW of Nam (BRAVO crater) :
;ﬁg REDWOOD 0530 28 June 900 feet (274 meters) S of Lomilik :
k| HICKORY 1200 29 June 600 feet (183 meters) W of Eneman (ZUNI crater) \
jfi CEDAR 0530 3 July 4,000 feet {1.22 km) WSW of Nam (BRAVO crater) i
;ﬁ{ POPLAR 1530 12 July 7,500 feet (2.29 km) WSW of Nam (BRAVO crater) E
g{{ JUNIPER 1620 22 luly 600 feet {183 meters) W of Eneman (ZUNI crater) .
3 - :
WX :
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. Lero-Time Location
BUTTERNYT PARTICIPATING AIRCRAFT }J— Rolative 1o Burst

Type/ At itude
No. Tail No. Mission €all Sign J‘ (feet) [em} Range or Course
1 SA-1§ Search and  Stable Echo 7,000 2,13 North-sputh racetrack 50 nmi
rescue (92.7 km} east
1 Py Barrier Student 4,500 1.4 North.south windbox 20 nmi
patral {37.1 ¥m) east
1 7J-4 Project 5.3% Kimona 14,074 4.29 15,578 feet (4.75 km) slant range '
1 FJ-4 project 5.3% Cobalt 3,106 2.78 12,930 faet (3.94 km) slant range i
1 AA-0/827 Projoct 5,28 Crark 8,110 2.47 12,290 feet (3.75 km) slant range ‘
1 A4-D/831 Project 5,28 gar ley 11,200 3.41 1R,850 feet {5.75 km) slant range .
1 8-578 Sampler Opium 3 15,060 10.67 East-west racatrack 70 nmi (129.7 i
contro} km) north ,
5 B-%78 Sampler Hot shot Not ai-borne at burst time i
x, 1-4, 8 i
\ 3 B-57D Sampler Hot shot Not airborne at burst time ;
USS JOHN R CRAIG (DD 885) 15-17 :
1350-450 nmi [G5C-700 km) NW e e e s o e s LA e b 4 e T 4 R 1
OF BUTTERNUT SURF ACE Notes: :
280}

*Raterence C.1.1636.
\ t'Re\'erence €.1.1635.

Source: Referance C.4.1 except as noted.
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T SHIPS [N EMEWETAK LAGOON ANCHMORAGE ¢ i&
ENEWETAK
S USS ARTKARA [ATF-98) A
% USS BENNER (DDR-807) N
,j USS BOLSTER (ARS-38) )
5w BONITA (S5K-3) A
N USS CHANTICLEER (ASR-7) ;
W, USS THOWANDC (AT -100) g
. USS COLLETT (BD-730) v
Eiv USS CREE (ATF-84) e v
FULLAM (DD-474) *, -
USS GRASP {Ad5-24) . y .
ey USS MOOPER ISLAND' (ARG-17) U5 ORLEGR 10D 88 §
ro HOWORTH (0D-592) -
N KILLEN (DD-563} .
&l USS MANSFLELD (0D-778) -
XN USS MOCTOBT (ATF-10%) .
XN 1SS MORTICELLO (L5D-3%) . -
o SN MICHREL NOHAR (FC_7) \
<N USS MUNSEE (ATF-107} ‘
b USS REHOBOTH (AGS-5C)
ot US5 RENVILLE (4PA-2727)

USS TAKELMA (ATF-1113

VI - SRR |

o

figure 34. FIR and BUTTERNUT predicted fallout, surface radex area, ship

L}

; positions, and aircraft participation, Operation HARDTACK. ;:
-
i :
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ero-T i
FIR PARTICIPATING AIRCRAFT Zaro-Time Locat lon
AlL ityge
No. Type Mission Call Sign {feet) (km) Range or Course
1 SA~16  Search and Stable Brave 9,000 2.74 Horth-south racetrack §0-90 nmi
rescue {148.3-166.8 ka) west
1 8-52 Project 5.1 watchdog 30,000 9,14 93,300 feet (28.4 km) ground
range southeast
1 B-578  Sampler Opium 1 35,000 10.67 East-west racetrack 30 nmi
cantrol {55.6 km} north
3 B-578  Sampler Hotshot Not airbgrae at burst time
Brave 1-3

 Note:
Peferance €.1.1634.
Source: Reference C.4.1 except as noted.

FiR 0550

150 neni (278 ken)

SHIPS IN BIKINI LAGOON ANCHORAGE

USNS FRED C. AINSWORTH (T-AP-181)
USS BOXER (CV5-21)
USS FLOYD B. PARKS (DD-884)

L]
USS PERKINS IDDR B7 1

LEGEND
" LIMiTS OF RADEX AREA
a n} 0 30 40 L] g0
[ 1 L "l ) A S |
MAUTICAL SILES
0 i a 60 80 106
— h, | H 4

H
KILOMETERS

Figure 34. FIR and BUTTERNUT predicted fallout, surface radex area, ship posi-
ttons, and aircraft participation, Operation HARDTACK (continued).
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FIR

PIR was the first Bilkinl shot. detonated at 0550 on 12 May on a barge in
the BRAVO crater. Surface winds were 17 knots (31.5 km/hr) from east-riortheast.
It was followed by BUTTERNUT on Enewetak 25 minutes later.

DOD-sponsored experiments for FIR included Projects 3.7, 5.1, 6.4, 6.5,
6.6 and 6.11. Details of these are in Chapter 3. None of the DOD projects had
instrumentation stations in the northern islands of the atoll that required
manning or raplid data recovery. Project 6.11 did have a riocmeter station on
Enei:. but whether it was manned ‘s not clear. The predicted fallout pattern is
shown in Figure 34 as well as the locations of fleet units at shot time and
the surface radioliogical exclusion (radex). Participating aircraft and their
locations relative to the burst are also shown in Pigure 34.

All personnel were evacuated to Eneu Island, and the ships remalned in
Bikini Lagoon. After detonation, the cloud roge to 60,000 to ¥0.000 feet (18.3
to 27.4 km). and radar reports from Boxer showed that 1t moved along a bearing
of 260° at approximately 12 knots (22.2 km/hr) during the first 12 minutes.

FIR reentry hour was scheduled for 12 May at 1100. Air and surface radex
areas for H+5 through H+12 included the surface areas within & l-nmi (1.8%-km)
radius around surface zero. A hellicopter survey by Task Unit (TU) 7.1.6 (Radio-~
logical Safety) at H+3 indicated 0.036 R/hr at Aomen and 0.370 R/hr at Nam.
Subsequent surveys found low-level contamination on several islands east and
southwest of Nam (Reference C.1.1685),

The FIR cloud apparently continued to move on the 260° bearing and fall-
out occurred on- Enewetak Atoll. The radiation intensity at Enewetak began to
rige at 0300 on 14 May and peaked at about 0.025 R/hr in the afternocon. Figure
35 shows the Parry Island intesity reading for this period.

TG 7.3 ships preparing for WAHOO. both within the lagoon and in the target-
array area to the southwest outside the lagoon., also received fallout. Table
14 1lists the ships that noted washdown activation or other indication of fall-
out on 14 May.

UsSs John R. Cralg (DD-885) was returning to Enewetak from weather station
Bravo, 225 nml (417 km) west of Enewetak, and it did not anchor at Enewetak
until 1937. At 0813. however, 1t "changed course and speed to activate wash-
down" (Reference C.3.4.14).

The source of this fallout might be assumed to have been the KOA event
detonated the day before (13 May) on Dridrilbwij at Enewetak, but apparently
the KOA cioud and the FiR cloud intermingled somewhat (Reference €.1.1625).
The TG 7.1 Radsafe Officer stat2s that FIR was the source of the Enewetak
fallout. The picture is somewhat further complicated by the log of USNS T LST-
664 at anchor at Bikini on the following morning (15 May), which noted 0.005
te C.007 R/hr on itz decks between 0400 and 0800,

Two f1llm badges placed outside the Radsafe Center on Parry at 0845 on
14 May were retrieved at 0950 on 18 May. The badges showed 1.36 and 1.79 R
(Reference C.5.3). The TG 7.1 Radsafe Officer's remark that “fallout from the
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é. Figure 35. Parry Island gamma intensity readings after HARDTACK, FIR
x {source: Reference C.5.3, p. 21}.

Table 14. Task Group 7.3 ships noting fallout on 14 May 1958,

,1§ Ship Time Remarks
- - . UsSS Artkara (ATF-98; 1027-1038 Activated washdown system
g USS Benner (DDR-807) 0945 Ship, 0.005 R/hr; surrounding seawater, 0.3
R/hr
USS Boxer (CVS-21) 0630 Before washdown, 0.02-0.03 R/hr maximum
a %2 USS Chowanoc (ATF-100) 1100 Maximum, 0.15 R/hr; low 0.015 R/hr
‘;”Q USS Cree {(ATF-B4&) 0117 Before washdown, 0.032 R/hr maximum
lgﬂ: USS De Haven (DD-727) 0845 Detected fallout; average, 0.012 R/hr, hot
s spots, 0.05 to 0.08 R/hr
BN USS Moctobl (ATF-105) 1012 Average 0.01 R/hr
USS Monticello (LSD-35) 0756 Background 0.007 to 0.01 R/hr after washdown
. i USS Orleck (DD-886) 07156 Overall average 0.008 R/hr
:%%ﬁ USS Rehoboth {(AGS-50) 0836 Weather decks 0.02 R/hr
-; f; USS Renville {APA.227) 0510 "Significant” faliout
2 USS Takelma (ATF-113) 0730 0.015 R/hr
. Sources: Reterences C.3.3 and C.3.4.

——
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USS MANSFIELD (DD-728)
{400 500 nav  740-875 km]
NW OF SURFACE ZERD)

SHIPS IN ENEWETAK LAGOON ANCHORAGE

USS ARIKARA [ATF-98)
Uss BELLE GROVE (LSD-2)
USS DE HAVEN (DD 727} USS BOLSTER (ARS-38)
. BONITA {55K-3)
USS CHOWANDC (ATF-100)
JOHN R. CRAIG {DD-885)
USS CREE (ATF-84}
FULLAM (DD-474)
USS GRASP (ARS-24)
USS HOOPER ISLAND (ARG-17)
HOWORTH {DD-592)
USS JOYCE (BER-317)
KILLEN {DD-533)
USS LANSING (DER-288)
USS LAWRENCE COUNTY (LST-887)
USS MAGOFFIN {APA-199)
USS MERAPT (AF-38)
USS MONTICELLO (Lso-ssg
SS MICHAEL MORAN (EC-2
USS ORLECK {DD-886)
USS FLOYD B. PARKS {D0-884)
USS PERKINS (nna-s77g
USS REHOBOTH (AGS-50
USS TAKELMA (ATF-113)

ENEWETAK
I
. &

USS MUNSEE (ATF-107)

*
USS 3ENNER (DOR 807)

LEGEND

0 10 2 30 a0 50 50

L I H L 4 H H
NAUTICAL MILES

0 0 40 &c 80 100

£ H i H 1 J
KILOMETERS

LIMITS NF RADEX AREA

Figure 36. NUTMEG predicted fallout, surface radex area, ship positions, and
atrcraft participation, Operation HARDTACK.
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Zero-Time Location
PARTICIPATING AIRCRAFT Relgtive to Burst

Alt itude
No. Type Mission Call Sign | {feet} (km) Range or Course
1  wB-50 Low-altitude Wwilson 050 Not afrborne at burst time

cloud sampler
1 SA-16 Search and Steble Brave 9,000 2.74 North-south racetrack 75 mmi

rescue {139.0 km) west

2 (-54 Photo Pewter 2,3 10,000 3.05 *“scth-south racetrack 10 nmi
{18.5 km) west

1 B8-578 Sampler Opium 1 20,000 6,10 East-west racetrack 20 nmi {37.1

control km) north

§ B-57B Samplers Hotshot 1-6 25,000 7.62 North-south racetrack 75 nmi
(139.0 km) west

1 RB-50 Carter 2 Phot ography

Source: Reference (.4.1.
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SHIPS [N BIKINI LAGOON ANCHORAGE

USNS FRED C. AINSWORTH (T-AP-181)
UsS BOXER (CVS-21)
USS MOCTOBI [ATF-105)

BIKING USNS T-LST-664

[ ]
(388 COLLETT (DD-730)
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Figure 36. NUTMLG predicted fallout, surface radex area, ship positions, and
alrcraft participation, Operation HARDTACK (continued).

157




L
2
I8
‘E%’ Fir event on Bikinl contributed approximately 1.200 to 1,500 mr total dos